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n\.ilral resistance to helminthic infections^’ - 

J. E. Ackeet 

Zoology Department, Kansas State College 
INTRODUCTION 

available It will be my purpose to review and analyze literature on 

Td tfnrr: T consdtuSn anTaj: 

M d,L I some new data on an inhibitory nematode growth factor 
in duodenal mucus of older animals. growm lactor 

confusion in the use of 

in 1929 "' mmunity. In his excellent review, Taliaferro 

AhlTr’ ^ resistance was considered by him an age immunity 
About the same time Stoll (1929) discovered an immunity to helmbthk 
fections to winch he gave the name “self cure.” Acquired resistance 

laylor (1934) Graham (1934), Lapage (1937) and others to designate 
an immunity due to previous helminthic infections ^ 

In a review of literature from 1929 to 1938, Culbertson used immun- 
ty to coyer both immunological and resistance phases whereas, in his 
1941 review natural resistance and age resistance are considered apart 

Its 1941 edition uses resistance and immunity synonymously 
In the present discussion the term natural resistance will be used to 
designate a host s resistance, at any age, to its helminths as developed in 
the absence of helminthic antigens. Natural immunity is interpreted as 
representin g a natural incompatibility between the host and an invading 

°f Parasitologist., De- 

m« S«i0,, Ka..„ C.U„= ot Airicuttar. and 
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Iielminth, while immunity will be used to represent the host condition 
that is due to helminthic antigens. 

DIETARY FACTORS IN RESISTANCE TO HELMINTHS 

Vitamins 

In the fall of 1921 an extensive experiment was begun by myself and 
C. A. Herrick upon effects of the large roundworm of fowls (Ascaridia 
gaUiY upon its host. This experiment, we have been advised and so 
far as we have been able to ascertain, initiated experimental helminthoi- 
ogy in this country. It yielded an interesting by-product, namely, an 
experimental demonstration of marked resistance of the hosts to the 
development of the nematodes (Ackert and Herrick, 1928). 

While this study w^as in progress, a survey of the intestinal helminths 
of 1,000 chickens in the vicinity of Manhattan, Kansas, showed that 
nearly half of them were infected with Ascaridia galli (Ackert, 1927). 
Inquiry into the methods of rearing showed that the fowls in the garden 
season were usually confined to a pen in which no green feed was avail- 
able. The principal feed of kaffir or corn was inadequate and low in 
vitamins B and A. The years, 1924 to 1927, which were devoted to 
studies of the resistance of chickens to Ascaridia as affected by diets de- 
ficient in vitamins B and A (Zimmerman, Vincent and Ackert, 1926; 
Ackert, Fisher and Zimmerman, 1927) gave experimental evidence, ap- 
parently for the first time in this country, that natural resistance of ani- 
mals to helminthic infection may be lowered by nutritional deficiencies. 
In this period, an independent study of this nature was made in the Orient 
by Hiraishi ( 1926) working with swine and ascarids. 

The general plan of our experiments was to work with growing 
chickens of the same ages obtained from a commercial hatchery and 
raised under carefully controlled conditions. Such chickens were divided 
into the various groups, some of which were subjected to the deficient 
diets and others kept as controls. The same numbers, 50 to 500, infec- 
tive, Ascaridia eggs were fed to all chickens under comparison. At the 
close of the experiment, the fowls were sacrificed and the worms recov- 
ered by the flushing system of Ackert and Nolf ( 1929) . Both the num- 
bers and the lengths oi iht Ascaridia were used as criteria of host resis- 
tance. 

In our experiments the fowls on the vitamin A deficient diets'^ had 
markedly more and longer worms than did the control chickens (Ackert 
et al, 1931). Fliraishi (1926), 'working concurrently in Japan, fed pigs 
a diet deficient in vitamin A and lowered their resistance sufficiently to 

3 This nematode in the last twenty years, has been variously known as Ascaridia 
perspicillum, A, lineafa a.nd A. galli. 

4 White corn meal, vitamin A-free casein, yeast, vegetable fat, bone ash and salt 
mixture, and irradiation of fowls. 
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parasitize them with the human Ascaris, Payne, Ackert and Hartman 
(1925) had shown that the human Ascaris lB.TYd,e would pass through 
the somatic phase of the life cycle in swine but not the intestinal jAase in 
swine kept on an adequate diet. Claphani (1933) working on the 
hatching and survival of the horse ascarid, Parascaris eqiiorurn, in rats 
found vitamin A to be an important factor in resistance. Clapham's 
(1933) results on Heferakis galUnae, the cecal worm of chickens, indi- 
cated in two of three tables of data that vitamin A is a factor in the resis- 
tance of chickens to this nematode, although she did not so interpret her 
results. Judging from egg counts of the swine Ascaris, Clapham ( 1934) 
failed to obtain evidence that vitamin A deficiency increased the produc- 
tivity of the ascarids. However, Wright (1935), who subjected dogs 
infected with ascarids to diets partially or totally deficient in vitamin A 
for periods of 15 to 106 days, found that the dogs on the deficient diets 
harbored about five times as many ascarids as did the controls on an ade- 
quate diet and exposed to the same degree of worm infection. 

More critical studies on the effect of vitamin A deficiency on the 
resistance of rats to infection with Trichinella spiralis were made in 1934 
by McCoy who tested the efficacy of the deficient diet by making deter- 
minations of the amount of vitamin A stored in the livers of the experi- 
mental rats. His findings supported those of previous workers with 
other nematodes and showed that vitamin A is an important factor in 
the reaction of the host to superinfections of Trichinella- spiralis. Law- 
ler’s recent (1941) studies with the rat nematode Strongyloides raiii like- 
wise show^ed that the absence of vitamin A lowered the rats’ resistance to 
a primary infection and weakened the immunity to reinfection with the 
nematodes. 

These and the other results here reviewed point strongly to the con- 
clusion that a diet markedly deficient in vitamin A will lower the resis- 
tance of the host to its nematode parasites. The reason for this effect 
has not been completely elucidated. It is known that lack of vitamin A 
in the system affects the normal functioning of epithelial membranes of 
parts of the respiratory, digestive and urino-genital tracts and also those 
of the eyes and tear ducts. Whether the lining of the small intestine 
which is the habitat of most of the adult nematodes studied, is affected 
will require further study as will also effects on organs and tissues of the 
body. 

As mentioned previously, early experiments on vitamin B deficiency 
gave evidence of lowered host resistance to the fowl Ascaridia (Zimmer- 
man, Vincent and Ackert, 1926). After the multiple nature of vitamin 
B was established, Ackert and Nolf (1931) obtained rather striking- 
results on numbers of worms. The lack of vitamin B which caused par- 
tial paralysis of the muscles of the digestive tract resulted in the reten- 
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tion of a high percentage of the worms, whereas the control chickens 
eliminated most of theirs. 

Foster and Cort (1931) by using a dieF deficient in vitamins A and 
B and minerals lowered the resistance of dogs previously infected with 
tht hookworm^ Ancylostoma caninum. After the productivity of the 
parasites had increased markedly in the dogs on the deficient diet, the 
hosts were returned to an adequate diet which increased the resistance 
and caused an extreme inhibition of the egg production of the wwms. 
Results from other experiments by these authors ( 1935 ) indicated that 
as the dogs on the deficient diet became more and more emaciated, the 
development and productivity of the worm parasites increased. The 
results of this extensive series of experiments furnish further evidence 
that vitamins A and B are important factors in host resistance to hel- 
minthic infections:^^^^^^^^ ^ 

Among the early difficulties in the rearing of chickens in confinement 
was the development of a form of rickets which is caused by insufficient 
vitamin D. Tests on this vitamin by Ackert and Spindler in 1929 indi- 
cated that vitamin D protects the hosts against the effects of parasitism 
rather than by inhibiting the development of worms. 

On the subject of vitamins, by the way, a struggling student wrote, 
■''Lack of vitamin A is not as bad as lack of vitamin B which in turn will 
not have so many bad effects as will the lack of vitamin C and so on 
down the alphabet r 

Studying diet as a factor Chandler in 1932 placed rats on a diet 
wholly of vegetables and fruit and inferred that diet played no part in 
the acquisition or retention of worms so long as the host animals were 
not injured by the diet. But when emaciation began to develop the rats 
acquired more worms from a given inoculation than did the controls on 
more favorable rations. As this diet was deficient in vitamin B these 
results give additional evidence of the importance of this vitamin in 
natural resistance to helminths. 

Other Dietary Supplements 

The bare pens and cereal rations of many of the 1,000 chickens exam- 
ined at Manhattan, Kansas, in the early twenties (Ackert, 1927) indi- 
cated that the fowls were being kept much of the year on rations that 
were almost wholly of plant origin. Preliminary tests by Ackert indi- 
cated that the ixiclusion of skim milk as a supplement to the diet produced 
chickens that were unusually resistant to the Ascaridia. 

The studies continued by Ackert and Beach (1933) afforded evi- 
dence that a basal, cereal ration adequate for vitamins and minerals when 
supplemented by meat meal and by skim milk produced the most resistant 


^ Corn starch, dried ground peas, mazola oil and sodium chloride. 
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fowls. The cereal . ration plus meat meal was second best, whereas, the 
cereal ration supplemented by peanut meal (a wholly plant ration), pro- 
duced the least resistance in the chickens to the Ascaridia. These re- 
sults, which were attributed to the wider range of the amino acids made 
available from the diets of the first two groups, and to the restricted 
range of amino acids in the plant diet of the chickens of the third group 
throw light upon the results of Chandler (1932) in which markedly 
more Nippostrongylus muris were retained in rats whose diet was wholly 
of plant origin (vegetables and fruit) ; and also upon the results of 
Foster and Cort (1931) whose deficient diet for dogs lacked both animal 
tissues and milk. 

That the resistance of hosts to tapeworms is affected by diet was 
shown by Shorb in 1933 working with rats and the tapeworm Hyineno- 
Ispis ^Tolernd, A ration of white bread and water which was deficient in 
vitamins, minerals, proteins, and fats lowered the resistance of the rats 
to the tapeworms. 

From the foregoing considerations, it might appear that any deficient 
diet that lowers the resistance of the host, will permit the helminths to 
increase their development and productivity. However, such was not 
the case with the intestinal nematode, Ascaridia galli as judged by its 
inability to grow in a host that was on a very deficient diet. In a study 
on the nature of the food of Ascaridia (A. galli) Ackert and Whitlock 
(1935) by giving chickens intra-muscular injections of a nutrient solu- 
tion lacking vitamins A and B and animal proteins, lowered the resis- 
tance of the chickens without enabling the worms to thrive in the bodies 
of the hosts. Although many of the injected chickens died of starvation 
and had their resistance completely broken, fewer and shorter worms 
i*emained in them than in the controls which were kept on the regular 
diet (Ackert, Whitlock and Freeman, 1940), . 

These results indicate that there may be a critical point in the broken 
resistance of a host beyond which the environment becomes unfavorable 
for the helminth. In the present case it might be argued that the absence 
of nutriment in the lumen of the chicken intestine caused partial starva- 
tion of the worms, but this period of parasitism included the seven days 
during which the anterior ends of the worms were deeply imbedded in 
the mucosa where the worms doubtless fed on host substance. As Bahrs 
(1931) found that planaria would not grow when fed on the intestinal 
epithelium of starved rabbits, but would grow on that of normally fed 
rabbits, it is possible that the Ascaridia in the injected chickens were 
starved both from the lack of nutrient in the intestinal lumen and from 
the lack of food in the intestinal mucosa. At any rate, the broken resis- 
tance of the hosts did not result in increased development and productiv- 
ity of their helminth parasites. 
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In this connection Zaiman (1940), who studied the effect of vitamin 
E deficiency on Trichinella spiralis infections in rats, found that this 
deficiency which may cause muscular dystrophy was less favorable for 
the trichinellae. 

Bordering on the field of resistance as affected by diet are such 
studies as those of Clapham (1934a), Porter (1935b) and Otto and 
Landsberg (1940) on minerals, and of Reid (1940) on starvation. 
Clapham found that a diet markedly deficient in minerals (especially in 
calcium and phosphorus) favored the development of the fowl cecal 
worm Heterakis gallinae. Porter found that a diet markedly deficient 
in iron lowered the natural resistance of rats to the nematode Nippo- 
strongyhis iniiris. Otto and Landsberg determined that in dog hook- 
worm disease iron therapy accompanying a deficient diet failed to affect 
the development or persistence of the worms, but that iron therapy may 
well supplement general dietary improvements. Reid found that host 
starvation of but 20 hours caused the removal from chickens of the com- 
plete strobila of the fowl tapeworm, Raillietina cesticillus. 

The literature here reviewed, while not permitting a blanket state- 
ment that deficient host diets react to the benefit of the parasite, never- 
theless, indicates that in general the natural resistance is lowered to 
helminthic infections both in the somatic and intestinal phases, when 
omnivorous hosts are maintained on diets deficient in vitamins A, B 
(complex), or D ; or on rations with highly restricted sources of proteins. 

GENETIC CONSTITUTION AS A FACTOR IN RESISTANCE 

Epidemiological Evidence oj Group Differences in Helminthiasis 

That natural resistance to helminthic infections may be due in part 
to the genetic constitution of the host is indicated by both epidemiological 
data and experimental results. Miller (1908) observed that the pure- 
bred Zebu cattle in Trinidad resisted the ravages of strongyles better 
than did other breeds of cattle ; he also found that sheep succumbed to 
the attacks of the helminths more easily than did the cattle. 

Race differences in resistance to hookworms were found by Smillie 
and Augustine (1925), who examined nearly 2,000 rural school children. 
The white children had both more hookworms and a higher percentage 
of infection than did the negro children of the same ages living in the 
same communities. The authors attributed the lighter negro infections to 
the much greater thickness of negro epidermis. 

Further evidence of racial differences in resistance to hookworms is 
available from the observations of Keller, Leathers and Knox (1937) 
made in North Carolina. Examinations of several thousand white and 
colored persons showed that 12.3 per cent of w4iite persons were posi- 
tive for hookworm eggs as compared with 4 per cent for the negroes of 
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comparable ages. These observations and others made by Keller and 
his associates in southern United States indicate that the resistance of 
negroes from five to 19 years of age to hookworm infection is markedly 
higher than that of whites living in the same communities. 

Race differences in Ascaris infections were noted by Keller, Leathers 
and Bishop (1932) who found in a Tennessee sun^ey that persons of the 
white race had heavier Ascaris infections than did the negroes. How- 
ever, in west Tennessee, the reverse proved true. Two years later Otto 
and Cort (1934) reporting for the age group 5~14 years in rural areas 
of four southern states found Ascaris moi'e prevalent and of greater 
intensity in the negro youths than in the whites. These authors, how- 
ever, doubted that the negro race is more susceptible to Ascaris infection 
than the white race. They felt that among the negroes of those areas 
there was a greater prevalence of habits that were favorable for Ascaris 
infections. 

Observations on differences in racial resistance to tapeworms were 
made by Otto (1936) w’-ho found that the wRites in the southern states 
(five to 14 years of age) had somewhat more tapew^orms (Hymenolepis 
nana) than did the negroes of the same ages. The percentages of infec- 
tion were likewise constantly higher in the whites than in the negroes. 

Race differences to pinworms (Enterohius vermicidaris) were found 
by Cram (1940) in a study of children in nursery schools and summer 
camps where 33 per cent of the white children showed worm infections 
as compared with 19.8 per cent of the negro children. The examinations 
of these children together with others totaling 3,371 showed that 41.9 
per cent of the whites were infected as compared with 15.5 per cent of 
the negroes. These results which include samplings from different 
parts of the country furnish further epidemiological evidence that racial 
or genetic constitution may be a factor in natural resistance to helminthic 
infections. 

The epidemiological evidence of race differences in resistance of 
people to helminths as here reviewed seems to indicate that negroes in 
the southern states have greater natural protection against helminths 
than do the whites. This was especially true of hookworms and pin- 
worms, but included some evidence also on Ascaris and the dwarf tape- 
worm (Hymenolepis nana) . It is difficult to conceive of the negroes 
living on a higher plane either from the standpoint of nutrition or of 
sanitation. In the case of pinworms harbored near the nation's capital 
it is possible that the white nursery school children became more readily 
exposed to infections from the parasite eggs on the hands in games like 
ring-around-the-rosy than were the negro children of that region. The 
incidence of the various helminths probably is due to several factors, but 
no discussion of this subject would be complete without raising the ques- 
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tion of the negroes’ longer association with the helminths than whites’. 
On the host-tolerance hypothesis it would be expected that the longer 
association of the negro race with the worms would result in better host- 
parasite adaptation and a consequent lowering of resistance to the nema- 
tode. On this basis, however, the negro infections would be larger 
instead of smaller. On the racial immunity hypothesis the longer asso- 
ciation of the negroes with the worms w^ould afford greater opportunity 
for the development of a grade of immunity. Whether this would 
become inheritable by mutations or by other means is problematical. 

A desperate student who had neglected his studies once wrote in an 
examination, ''Heredity is harmful, and should be pi'evented.” 

Experimental Evidence of Breed and Strain Differences in Resistamce 

The first experimental evidence of breed differences in resistance to 
helminthic infections appears to be from the w^ork of Ackert, Eisenbrandt, 
Glading and Wilmoth in 1933 who found significant differences in the 
natural resistance of breeds of chickens to the large roundworm Ascaridia 
gain. Such heavy breeds and varieties as Rhode Island Reds, White 
Plymouth Rocks and Barred Plymouth Rocks had significantly fewer 
and smaller Ascaridia than did the lighter White Leghorn and White 
Minorca breeds (Ackert et al, 1935). 

What appears to be the first experimental evidence of genetic differ- 
ences in strains of hosts to helminthic infections was furnished by Curtis, 
Dunning and Bullock (1933) working with the larval tapeworm Cysti- 
cercus jasciolaris \NhiQki sometimes caused liver tumors. The study 
demonstrated that some strains of rats reacted more often to the produc- 
tion of tumors than did others. 

A strain of heavy White Minorca chickens in our studies pi-oved to be 
more resistant to the Ascaridia than a lighter strain of the same breed 
with different genetic constitution (Ackei't and Wilmoth, 1934). 
Bronze turkeys were found by Ackert and Eisenbrandt (1935) to be 
more resistant to Ascaridia of chickens than were White Leghorn fowds 
of the same age. Additional evidence of genetic strains within a breed 
was obtained by Ackert, Pratt and Freeman (1936) who, _ by selecting 
the more resistant cockerels and pullets from one flock of chickens, de- 
veloped a strain of White Leghorns that was more resistant to the nema- 
todes than were a cockerel and six hens taken at random from another 
flock of the same breed. Father-daughter and brother-sister matings 
were made in each group and all parasitized alike. The results of such 
tests carried on for three generations indicated that it would be possible 
to establish by selection a strain of chickens that is quite resistant to the 
Ascaridia as well as one that is distinctly susceptible to this nematode. 
Indications of differences in breed resistance of sheep to helminthic 
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infections were obtained by Cameron (1935) who found that Cheviot 
sheep on an overcrowded pasture were more tolerant of the effects and 
less heavily parasitized with nematodes than were the lowland breeds 
such as the Border Leicester, The Shetlands and Scottish Blackface 
sheep were about intermediate between the other two groups. Differ- 
ences in breed resistance of sheep to the nematode Ostcrtagia circiim- 
cincta were found by Stewart, Miller and Douglas in 1937 when Romne}^ 
sheep were found to be significantly more resistant to the Ostcrtagia 
than, were the Shropshires, Southdown s or Hampshires. 

These data on the different degrees of sheep breed resistance to the 


stomach worm Ostcrtagia circumcincta were studied by a geneticist, 
Gregory (1937), with a view of prescribing a method of establishing 
within breeds, lines that are genetically resistant to the worms. The 
accumulating evidence pointed toward the same hereditary factors for 
resistance to 0. circumcincta as to another sheep stomach worm Hae~ 
monchus contortus which is of paramount importance in much of the 
United States. Gregory’s study of the data led him to think that resis- 
tant lines of sheep to stomach worms could be established without sacri- 
ficing type, conformation, quality of carcass or desirable wool character- 
istics. 

As a step in the study of producing a resistant line of sheep to stom- 
ach worms, Gregory, Miller and Stewart (1940) tested offspring of tw^o 
Hampshire rams by making fecal egg counts of trichostrongyles except 
Ncmatodirus, While variables of season of the year and age of the ewes 
were encountered, unquestioned evidence was obtained for genetic consti- 
tution as a factor. The two sires studied differed in genetic constitution 
for resistance and susceptibility to stomach worm infections, the off- 
spring of one having significantly few^er worm eggs than did those of the 
other ram. From the results obtained, the authors felt that genetic selec- 
tion should effectively change the degree of resistance or susceptibility 
to strongyles in populations of sheep. 

The few experimental findings in the field of genetic constitution as 
a factor in natural resistance to helminthic infections are quite promising 
esj)eciany among animals that do not suffer deterioration from inbreed- 
ing as usually is the case with chickens. It is hoped that in the next 
decade this field may be much more fully investigated. 


AGE RESISTANCE TO HELMINTHIC INFECTIONS 

Experimental Evidence 

The first experimental evidence of age as a factor in natural resis- 
tance to helminthic infections appears to be that of Looss (1911) who in 
feeding hookworm larvae to dogs observed that in young animals some 
of the larvae were able to reach maturity, w^hereas, previous investiga- 
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tors had failed to obtain such results in adult dogs. In 1920, Ransom 
and Foster working with Ascaris of pigs confirmed Looss’s finding. The 
next year Ransom (1921) detected definite age resistance of chickens to 
the gapeworm Syngainus trachea. 

It was at this time that Ackert and Herrick obtained expeiimental 
evidence of increased resistance with age, to the fowl ascarid of chickens 
(reported in 1928) . A critical study of age resistance of chickens to this 
nematode was begun by Herrick in our laboratory in 1923-24 and con- 
cluded by him the next year in Dr. W. W. Cort’s laboratory at Johns 
Hopkins University (Herrick, 1926). Herrick found a gradual inciease 
in the resistance of chickens as they became older ; the i esistance in- 
creased with age up to 103 days after which no further increase was 
found in the fowls. In a 10-day period, the worms grew more than ten 
times as much in five-day chicks as in 103-day old fowls. 

Herrick (1928) also demonstrated age resistance of dogs to hook- 
worms. His findings w^ere confirmed by Scott (1928) and Sarles 
(1929a) who also found age resistance of cats to hookworms. 

That older rats develop an increased resistance against the nematode 
Nippostrongylus mtiris was shown by Africa (1931). Another rat paia- 
site, the cestode Hynienolepis fraterna which also infects the mouse, was 
shown by Shorb (i933) to encounter greater resistance in older animals. 
Shorb found in both nursling rats and mice an initial resistance which 
was lost a short time after weaning. 

In an extensive study of the rat nematode Heterakis spumosa, Win- 
field (1933) found an increased resistance with age of rats to this nema- 
tode. Twenty days in the life of young rats was sufficient for them to 
develop significantly greater resistance to the w’orms. Chickens develop 
resistance more rapidly, as shown by Ackert, Porter and Beach (1935) 
w'ho found that from five- to eight-day periods in chickens about two 
months old may result in significant increases in resistance to growth of 
Ascaridia. Using approximately thirty-day infecting^ intervals Roberts 
(1937) obtained similar results with fowls and Ascaridia. 

Age resistance was found by Kauzal (1934) to develop in sheep to 
lung worms (^Dictyocaulus ftlariu') and by Roberts (1939) in cattle to 
gastro-intestinal helminths. Increased resistance with age was reported 
in 1934 by Ameel in snails to larval flukes and in 1936 by Davis in re- 
cently metamorphosed frogs to cercariae. Further evidence of host age 
resistance to flukes was presented by Cable (1937) experimenting with 
metacercariae (^Parorchis acanthus) and gulls {Lams argentafus ) . 

That tapeworms encounter more resistance in older hosts than in 
younger ones was shown by Ackert and Reid in 1937 wmikiiig with 
chickens and the fowl tapeworm Raillietina cesticilhis. The livei nema- 
tode Capillaria hepatic a in rats and mice was shown by Luttermoser 
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(1938) to meet greater resistance in the older hosts, the rats showing 
more resistance than the mice. Rats also manifested an age resistance to 
Trichinella spiralis as shown by Nolf and Zaiman (1941). In the tests 
the nursling rats, however, had somewhat fewer trichinellae than the 
recently weaned ones. 

This review of experimental work indicates that the phenomenon of 
increased resistance with age may occur in mammalian, avian, amphibian 
and molluscan hosts to trematode, cestode or to nematode helminths. 

A phenomenon that may or may not be associated with age was the 
observation by Shorb (1933) that nursling rats gave evidence of a strong 
natural resistance to tapeworms and a similar finding by Nolf and 
Zaiman (1941) of stronger resistance in nursling rats against triclii- 
nellae than in weaned ones. It is evident from these findings that nursing 
was unfavorable for the development of the werms. Whether this was 
due to a vermicidal action of the mother’s milk, to a highly restricted 
protein diet, or to some other factor is not known. 

Epidemiological Evidence of Age Resistance 

An erroneous idea crept into the literature wdien Smillie’s (1922) 
epidemiological study of hookvrorm disease in Brazil indicated no age re- 
sistance of man to these nematodes. General works have carried the 
statement, and it has appeared in a review as recently as 1938. A decade 
passed before observations by Keller, Leathers and Ricks (1934) indi- 
cated that after 15-19 years of age, people do develop a resistance to 
hookworms. They found that the w^orm incidence fell off rather sharply 
after the age of 24 years. A series of studies by Keller, Leathers and 
their associates (Keller et al, 1937 ; Leathers et al, 1939) on hookworm 
infections in four southern states gave essentially similar results on age 
resistance of people to hookworm, namely a gradual increase in incidence 
up to IS to 19 years of age after which there was a lower percentage and 
a lower intensity of hookworm infection. \ 

In the case of the human Ascaris, the evidence of age resistance was I 

positive from the first observations. The peak of infection percentages ! 

in the findings of Cort and Otto and their associates (Cort, Otto and 1 

Spindler, 1930; Otto and Cort, 1934) in the southern states occurred in I 

the age group of seven to 14 years. The group 15 to 19 years old mani- j 

fested much lower percentages of infections with these helminths. In- [ 

creased resistance w’as found by Cram and Reardon (1939) to the pin- 1 

worm Enterobius vermicularis in examination of 2,097 persons residing j 

in the vicinity of Washington, D. C. Youths from six to 18 years of ; 

age had a pinworm incidence of 51 per cent as compared with 22 per i 

cent for adults. i 

Clinical manifestations of schistosomiasis w^ere found by Fisher \ 
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(1934) to be especially common in Belgian-Congo children under ten 
years of age but never in persons over 30 years old. The epidemiological 
evidence here reviewed indicates that host resistance increases with age 
to many species of nematodes and to some cestodes and treniatodes. 

ATTEMPTS TO EXPLAIN AGE RESISTANCE 

Although three decades have passed since Looss found that infection 
eKperiments with parasites were more likely to succeed with young 
hosts, we are still trying to solve the riddle of age resistance to parasitism. 
Sandground (1929) in a stimulating review^ of host-helminth relation 
to age resistance and acqumed immunity seriously questioned the ex- 
istence of host age resistance to a helminth that is adjusted to its host. 
He stated, ^Tt is now^^ becoming evident that age resistance is not of gen- 
eral occurrence in helminth infections, nor is the real extent of its occur- 
rence known.” He sought to explain the occurrence of age resistance to 
helminths on the basis of an abnormal host hypothesis. Of the findings 
of Herrick (1928) and Scott (1928) on age resistance of dogs and cats 
to A, cammtm, Sandground held that compared with A. duodenal e of 
man, A, caninum is poorly adapted to both the dog and the cat. The 
large roundworm of fowls, A, galli, Sandground considered as essentially 
the parasite of the young chicken. He pointed to the high correlation 
between the exhibition of age resistance and a greater or lesser condition 
of abnormality in the species relation of the parasite and the host, and 
felt that the factors involved in age resistance could be explained by an 
extension of those factors required for the understanding of natural 
immunity. 

In the same year Sarles (1929b) attributed age resistance of dogs to 
hookW'Orm larvae to the action of the body defense cells since larvae 
penetrating the host skin caused marked local cellular reaction in old 
dogs but not in young ones. After Africa (1931) found evidence of age 
resistance of rats to Nippostrongylus miirisP Chandler (1932b) wdio 
found somewhat less striking evidence of age resistance of rats to this 
parasite sought to account for the discrepancy between his work and 
Africa's on a host-parasite adaptation hypothesis. His larvae had been 
through several generations in laboratory animals wdiereas those of 
Africa had been only recently isolated. How^ever, Graham and Porter 
(1934) were unable to find evidence of an adaptation of an old labora- 
tory strain w^hen compared with a recently isolated strain of N. nmris. 

Some support for the abnormal host hypothesis of age resistance to 
helminths was furnished by Porter (193Sa) who studied the behavior 
of Nippostrongylus muris in rats and mice. The larvae wdiich wxre 
obtained from a rat strain of the nematode developed more readily in 
rats than in mice. Porter found evidence of an age resistance in both 
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rats and mice to N, uiuris and observed that this increased resistance 
developed earlier and to a more marked degree in mice than in rats. 
Porter thus leaned toward the abnormal host hypothesis tor the marked 
age resistance of the mice to the parasite but did not give reasons for the 
increased resistance of the older rats which presumably were the normal 
hosts. 

In 1935, Ackert, Porter and Beach sought to explain age re.sistance 
of chickens to Ascaridia on the h^^pothesis of a growth-inhibiting sub- 
stance since Carrel and Ebeling (1921) had shown the presence of an 
active growth-inhibiting substance in the blood serum of chickens, and 
Ackert and Porter had found that bleeding lowered the resistance of the 
chickens to the worms (Ackert, 1925; Porter and Ackert, 1933). It 
was then felt that the resistance mechanism might be in the form of a 
fluid that passes from the intestinal wall into the lumen, or a deposit in 
the mucosa, or that the cellular mucosa which the young Avorms puncture 
might become tougher in the older chickens. 

Foster (1936) who produced anemia in dogs by keeping them on a 
diet deficient in iron found a parallel between resistance and the hemo- 
globin level of the host. His results led him to believe that age resistance 
of the dogs against the hookworm A. canimmi may be related in part tc 
the natural age curve of the hemoglobin level of the host. 

The increased resistance of older amphibia to the penetration of cer- 
cariae of Diplostommn flexicattdum was attributed by Davis (1936) to 
the greater thickness of the skin of recently metamorphosed frogs than 
of large tadpoles. Davis felt that in the frogs the integumentary barrier 
was either too thick and horny for the cercariae to pierce, or that the 
mucous and poison gland secretions of the skin killed, or inactivated them. 

Duodenal Mucus and Age Resistance 

In a search for possible structural differences in the habitat of As- 
caridia in younger than in older chickens, Ackert and Edgar (1938) 
made histological studies of portions of the duodena of such chickens. 
There were some differences in thickness of muscular layers, but the 
most striking difference was the increasing numbers of goblet cells in the 
chickens as they grew older (Figs. 1, 2). Studies made on chickens 
from two to 320 days of age showed gradual increases in the number of 
goblet cells per area of duodenal epithelium up to the age of 124 days. 
Increases corresponded closely to the manifestations of age resistance as 
shown by Herrick (1926). It was felt that the secretions of the goblet 
cells might be a factor in the elimination of the worms from the host 
since it had been observed repeatedly on opening the duodenum that the 
mucus was much more abundant in older chickens than in the younger 
ones. This appeared to be the first record of increased numbers of goblet 
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cells in older animals and of their possible relations to age resistance to 
intestinal parasitism. 

Similar histological studies made on the duodenal epithelium of a 
number of laboratory rats of different ages showed that older rats like- 
wise have larger numbers of duodenal goblet cells per area than do 
younger ones (Figs. 3, 4) , but the increase is more gradual. The results, 
however, showed that the phenomenon of increased numbers of duodenal 
goblet cells is characteristic of a mammal as well as a fowl. As shown 
previously rats develop age resistance to their intestinal nematodes, but 
the resistance does not develop as rapidly in the rat as it does in the 
chicken. Correspondingly, the numbers of duodenal goblet cells do not 
increase as rapidly in the rat as they do in the chicken (Ackert, Edgar 
and Frick, 1939). 

An Inhibitory Grotvth Factor in Duodenal 

To test secretions of the goblet cells for an inhibitory growth factor 
duodenal mucus removed quickly with a blunt spatula was autoclaved 
and used in the ratio of 3 cc to 65 cc of the nutrient medium, that Ackert, 
Todd and Tanner (1938) developed for in vitro culture of Ascaridia, 
The pFI of the mucus solution was adjusted to that of the control solution 
(approximately 6.7, as found by Ackert, 1931, for the worms^ habitat in 
the fowl intestine). Young nematodes (A. galli) of the same age were 
removed from their normal chicken hosts, washed in warm saline solu- 
tion, photographed for measurement and placed in dishes containing one 
of three solutions. At the end of about three days all worms were re- 
measured. The results of the first experiment showed that in a non- 
nutrient isotonic salt solution the worms lost an average of 2.5 mm. In 
the nutrient solution (isotonic salt-dextrose) the w’orms grew- 11.8 mm 
or an increase of 18.5 per cent, wEereas the worms in the medium that 
contained the mucus grew only 2.2 mm or an increase of 4 per cent 
(Table 1). The results of this test thus indicated that the mucus con- 
tained a factor that w’-as unfavorable to the growth of the young A, galli. 

Explanation of Figures 

The figures were drawn with the aid of a camera lucida. They are all of the 
same magnification. 

Abbreviations : gc, goblet cell. 

Fig. 1. Median section through basal portion of a duodenal villus from a 5-day 
chick."''.' , ■ ■ . ' ' 

Fig. 2. Median section through basal portion of a duodenal villus from a 124- 
day chicken. 

Fig. 3. Median section through basal portion of a duodenal villus from a 7-day 
rat. Note the absence of goblet cells. 

Fig. 4. Median section through basal portion of a duodenal villus from a 646- 
day.'rat. 

(From Ackert, Edgar and Frick, 1939.) 
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Table 1. -—Results of tests for an mhibiiory nematode growth factor in duodenal 
mucus from chkke^is three months old (From Ackert, Edgar and Frick, 1939) 


Culture media 

Larvae in 
culture (days) 

Gain in length 
average (mhi) 

Per cent gain 


Experiment I 



‘"Isotonic salt-dextrose solution 


2.2 

4.0 

Iilus mucus 

A : 

Isotonic salt-dextrose solution 
(control) 

2.5 

ll.S 

18.5 ' 

Isotonic salt solution (no iiutri- 


2.5 (loss) 

0.0 

ment) 

V 1 


Experiment II 


Isotonic salt-dextrose solution plus 
mucus 


8.5 

12.8 ^ 

Isotonic salt-dextrose solution 
(control) 

o 

27.0 

36,9 

Isotonic salt solution (no nutri- 
ment) .. — 

1 

0,2 (loss) 

0.0 


Experiment III 


Isotonic salt-dextrose solution plus 
mucus 

3 

2.1 

2.9 

Isotonic salt-dextrose solution 
(control) 

3 

14.3 

19.8 

Isotonic salt solution (no nutri- 
ment) 

. 4 . 

11.0 (loss) 

0.0 


* The pH of the isotonic salt-dextrose solution was 6.1 ; that of the autoclaved mucus 
was 6.0. 


The results fi'om the second and third experiments were much like those 
of the first, thus indicating that the autoclaved mucus from the duodenal 
goblet ceils of chickens three months old contained a factor which retarded 
the growth of the in vitro. 

Tests were next made with autoclaved duodenal mucus from chickens 
about four months (125 days) old (Table 2). The young nematodes 
in the nutrient medium plus mucus for three to four days either grew 
but little or lost size in this medium the average for the four lots being 
a loss of length of 4.66 per cent. On the other hand young worms in the 
control cultures gained an average of 12.15 per cent. 


Table 2.— Test for inhibitory nematode growth factor in dtmdenal mucus (auto- 
claved) from 125-day chickend 


No. 

C^ilture 

Days 

in 

Length 
in (mm) 

Length 

out 

(mm) 

Gain in 
length 

Loss in 
length* 

Per cent 
gain 

9M1 

9M2 

9M3 

9M4 

Iso-salt dex. -i- mucus 

1 Iso-salt •+■ dex. + mucus 
Iso-salt + dex. + mucus 
Iso-salt + dex. + mucus 

4.5 
3.0 

3.5 

4.5 

91.50 

61.50 

58.98 

97.98 

83.50 

64.00 

57.00 

87.50 

2.50 

'! 

S.OO 

£98 
■ 10.48 

4.06 







Av. loss 4.06 

OBI 

9D2 

(Control) 

Iso-salt + dex. 

Iso-salt -h dex. 

3.0 

4.5 

58.98 

88.98 

66.00 

100.00 

7.02 

11.02 


11.9 

12.4 







' Av. 

12.15 


* Per cent determined, but not here recorded. 
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Ihe next tests were made on niucits from chickens about two months 
(66 days) of age. The mucus was autoclaved as usual and introduced 
at the ratio of 3 cc to 65 cc of nutrient medium, Tlie }'oung worms in 
six such cultures from one to three days made in each case a substantial 
gain in length, an average of 30,58 per cent. The controls gained but 
little more, an average of 40.75 per cent (Table 3). These results indi- 
cated that while there was some retardation of the growth of the worms, 
the inhibiting factor in the two-month mucus was not as potent as in the 
mucus from the 125-day chickens. 


Table 3. — Test for inhibitory nematode cjrozvih factor in duodenal mucus (auto- 
claved) from 66-day chickens 


No. 

Culture 

Days 

in 

LenjifUi 
ill (nim) 

Length 

out 

(mm) 

Gain in 
lengt !i 

I*er cent 
gain 

3M1 

Iso-salt + <lex. -t- mucus 

3 

48.75 

67.00 

18.25 



Iso-salt + dex. + mucus 

2 

37.50 

53.66 

16.16 

43.0 

3M3 

Iso-salt -F dex. + mucus 

3' 

52.50 

75.00 

22.50 

42.8 

3M4 

Iso-salt -F dex. -f mucus 

1 i 

52.50 

50..50 

7.00 

13.3 

3:M5 

Iso-salt + dex. + mucus 

2 -I 

30.83 

38.50 

7.67 

24.8 

3MG 

Iso-salt -F dex. + mucus 

( Control ) 

3 ■ 1 

! 

43.75 1 

53.50 

0.75 

22,2 

A%'. 30.58 

3DC1 

Iso-salt -f dex. 

2 

35.00 

55,50 

20.50 i 

58.5 

3DC2 

Iso-salt -F dex. 

1 

48.75 

60.00 

11.25 

1 

23.0 

Av. 40.75 


The question arose as to whether the substance responsible for the 
inhibitions of the growth of the nematodes was soluble. /Accordingly, 
the duodenal mucus from chickens 171 days old after being autoclaved 
was ground with sterile sand and a 0.9 per cent saline extract prepared. 
This was used in three nutrient cultures in the place of mucus ; also in 
four other cultures, washings from autoclaved mucus were added to the 
nutrient media; four nutrient control cultures were prepared. After 
being in these respective cultures for from six to nine days, it was found 
that in the nutrient plus mucus extract cultures one group had gained 
while two had lost in length giving an average loss of 7.2 per cent. In 
the nutrient plus mucus washings cultures one group gained while three 
lost in length giving an average loss of 1.79 per cent. The worms in the 
control cultures all increased in length, gaining an average of 9.25 per 
cent (Table 4). The results from this test indicated that the growth- 
retarding factor in the autoclaved mucus was soluble to some extent in 
0.9 per cent saline. Subsequent tests made on the above washings indi- 
cated that the inhibitory factor was capable of passing through a Berke- 
feld filter. That the effect of the inhibitory growth factor did not pro- 
duce permanent effects upon the worms was shown in a subsequent test 
in w'hich the worms of cultures llGl and 11G3 (Table 4) on being 
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Table 4. 


inhibitory nematode grozvth factor in duodenal mucus (auto- 
claved) from 1/ 1-day chickens 


Length ^ Gain in T.oss in 

in (iiini) (nini) l^^ngtli length* 


Per cent detennined, but not here recorded. 

placed m fresh nutrient media made an average gain of 32.7 per cent in 
six days. 

In a series of tests young A. galli were cultured in media to which 
was added autoclaved duodenal mucus from chickens arranged in a 
graded series from susceptible to resistant hosts ranging in ages from 
45 to 125 days (Table 5). 

Worms subjected to 45-day mucus made as much gain as did the con- 
trols indicating no effect of an inhibiting factor. The worms subjected 
to fowl mucus 54 days old gave evidence of some retardation of growth, 
17.9 mm as compared with 21.7 mm for the control worms. Gradual 
increases in retardation of the growth of the worms were demonstrated 
with fowl mucus up to 70 days old. When 107-day mucus was used, the 

T^tE 5.-.Shommg reactions of A. galH cultured in ntedia to which was added auto- 
c laved duodenal mucus from chickens arranged in a graded series 
___ f^'om susceptible to resistant hosts 

Experimental worms | Gontrols 

Av. gain 
(mm) 


Worms 

group 


Age of mucus 
{(lays) 


Av. loss 
(mm) 


lv. gain 
(mm) 


Culture 

Days 

in 

Iso-salt -f dex. + ground 


mucus extract 

8 

Iso-salt + dex. + ground 


mucus extract 

8 

Iso-salt 4- dex. + ground 


mucus extract 

6.5 

Iso-salt + dex. + mucus 


^ washings 

9 

Iso-salt + dex. -i- mucus 


washings 

S 

Iso-salt + dex. + mucus 

washings 

9 

-Iso-salt + dex. + mucus 

washings 

8 

(Control) 


Iso-salt + dex. 

6 

Iso-salt 4- dex. 

6 

Iso-salt 4- dex. 

6.5 

Iso-salt + dex. 

6 
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results indicated a marked increase in inhibiting' power as the experi- 
mental worms gained an average of 4.7 mm as compared with 28.5 mm 
for the controls. The mucus from chickens 117 and 125 days old; respec- 
tively, showed a strong retarding effect by causing the worms to lose 
length while the controls were gaining 8.2 and 9.0 mm, respectively. 

While the results in these various tests were indicative of a more 
potent growth inhibiting factor in the duodenal mucus of older chickens 
than in younger ones, the numbers of worms were not sufficient for 
statistical treatment. It was therefore determined to arrange for an ex- 
tensive series of tests which would give comparisons of worms of ditfer- 

various ages. In these 
in other respects the tests 


ent ages subjected to mucus from chickens of 
tests the duodenal mucus was not autoclaved 
were essentially similar to the previous ones, namely, that the mucus was 
introduced in the ratio of 3 cc to 65 cc of nutrient medium and all cul- 
tures were adjusted to the same pH of approximately 6.7. A, gaUiiYom 
30 to 90 days of age taken by 10-day intervals were treated with mucus 
from chickens 60 to 140 days of age considered by 20-day intervals. 

The data in this series of experiments when treated by analysis of 
variance® yielded the highly significant F value of 6.35. It has thus 
been demonstrated that the duodenal mucus samples differed significantly 
in the degree of nematode growth inhibition in vitro, and that the effec- 
tiveness of the mucus as an inhibitor varied directly with the age of the 
chickens from which the mucus was taken (Frick and Ackert, 1941). 
Complete details of these results and of the statistical studies are given 
by Frick (1941) . 

Since this substance is present in mucus that has been autoclaved at 
temperatures that ordinarily destro}" antibodies, the explanation of in- 
creased natural resistance with age to intestinal worms does not lend 
itself to an antigen-antibody hypothesis. The host body through its in- 
testinal goblet cells appears to elaborate a thermo-stable substance that 
is harmful to the helminths. 

In tests recently completed by Eisenbrandt and Ackert (1941), it 
was found that duodenal mucus extracts of adult dogs and hogs caused 
the early death (24 to 72 hours) of all fowl nematodes (A, galU) tested 
in vitro ; whereas, worms in control nutrient solutions lived for a week. 


SUMMARY 

Evidence from experimental results and epidemiological data indi- 
cates that the degree of natural resistance of a host to its helminth para- 
sites is dependent largely upon its diet, its genetic constitution and its 
age. Diets of man and other omnivorous animals, to serve in developing 

Indebtedness is acknowledged to Dr. H. C. Fryer, Department of Mathematics, 
Kansas State College, Manhattan, Kansas, for counsel on the statistical treatment 
'of data.,':'; ■ 
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the most potent resistance, should include in the balanced ration, an 
adequate amount of vitamins A, B (complex), and D, suitable minerals 
and a range of proteins as supplied in cereals, meat, and milk. Such a 
diet taken from the young to the adult condition will ordinarily result 
in the development of a high natural resistance to helminthic infections. 
By selection it appears to be possible to alter the genetic constitutions in 
succeeding generations of animals in such manner as to increase their 
natural resistance to parasites. Just what the nature of the natural re- 
sistance is has not been completely elucidated ; but there are indications 
that duodenal mucus from goblet cells contains a thermostable substance 
that inhibits the development of intestinal helminths. 
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FIVE NEW SPECIES OF AVIAN SCHISTOSOMES FROM WIS-- 
CONSIN AND MICHIGAN WITH THE LIFE CYCLE OF 
GIGANTOBILHARZIA GYRAULI (BRACKETT, 

1940)^ 

Sterling Brackett 

University of North Carolina, School of Public Health, Chapel Hill 

In a recent summary of the distribution of schistosome dermatitis in 
this country (Brackett, 1941), it was reported that the disease is to be 
found chiefly in the northern parts of Michigan, Wisconsin, Minnesota, 
and Manitoba. In this area, Cercaria stagnicolae Talbot, 1936, is re- 
sponsible for the largest proportion of the outbreaks. This can partially 
be explained by the fact that its snail hosts, varieties of Stagnicola emar- 
ginafa, prefer a habitat that is also chosen by bathers and that this snail 
species reaches the height of its development during the resorting season. 
Within this important center of schistosome dermatitis, the disease was 
found to be distributed unequally and to fluctuate from year to year. 
Neither of these features could be completely correlated with the presence 
or absence or fluctuations of the snail hosts and it was suggested that the 
explanation probably would be found w^hen the life cycle of C. stagnicolae 
is demonstrated and the adult stage and its host become known. Talbot 
(1936) and others have attempted to determine the life cycle of C. stagnG 
colae by exposing birds and mammals to this form. Perhaps these ex- 
periments have all been unsuccessful because this cercaria may be very 
specific in its definitive host and the proper bird or mammal might not 
have been used. In an effort to become better acquainted, with the adult 
schistosome fauna of the dermatitis areas McLeod (1940) and the author 
(Brackett, 1940a) and others have examined many birds and some mam- 
mals from Manitoba, Wisconsin, and Michigan specifically for blood 
flukes. The results of these investigations combined with reports in the 
literature showed that about 10 species of schistosomes occurred in birds 
to be found in Wisconsin and vicinity. The present paper -reports the 
results of the examination of birds in the spring and summer of 1940 in 
Wisconsin and Michigan during wiiich time 5 previously undescribed 
schistosomes were found. 

The principal difficulty in the taxonomy of the avian schistosomes is 
that many of the known forms are described incompletely due to the in- 
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adequacy of the material. There is probably no treiiiatode group in which 
it is more difficult to get suitable specimens for study. The avian schisto- 
somes are often very minute and extremely fragile and, therefore, prac- 
tically impossible to extricate if they are in the smaller veins overlying 
the intestine. In addition, since the schistosomes are diedous, it is neces- 
sary to obtain specimens of both sexes for a complete specific description. 
This has often not been possible. Because the descidptions of the species 
have so frequently been incomplete, and because there are unquestionably 
many species yet unknown, it is obviously difficult to define and delimit 
the genera of the family Schistosomatidae. In view of these facts the 
species to be described in this paper are placed in existing genera with no 
effort made to modify the generic conceptions. It is believed that any 
further attempt to revise the schistosome genera should be withheld until 
the species have been more clearly defined and until the group is more 
completely known. 

In contrast to the conservatism regarding the genera the author has 
tended to go to extremes in splitting species. The principal reason for 
this is to avoid any chance of building up a species complex which might 
later complicate the solution of the life cycles of these forms. Talbot, by 
very careful and painstaking studies, cleared up a species complex of 
schistosome cercariae by demonstrating that what had been considered 
a single species, C. elvae Miller, 1923, actually represented three species 
very similar in morphology. There is no reason to believe that the adults 
of these cercariae should not likewise be similar and easily confused. If 
life cycle experiments show that more than one of the species of adults 
herein described develop from a single species of cercaria, it will cause 
very little confusion to drop some of the forms into synonomy. On the 
other hand if several similar adults were thrown together as a single 
species, it would only be with great difficulty that they could later be con- 
clusively separated. 

METHODS 

In all cases the birds were either shot or trapped by the author. Be- 
cause it is desirable to make the examinations as soon as possible after the 
death of the host many of them were examined in the field. This is diffi- 
cult but so important that it is well worth the effort required to get the 
necessary apparatus into the field. Ordinarily a make-shift laboratory 
was set up in an automobile and the car driven as close to the collecting 
areas as feasible. If the worms were found in some of the larger veins, 
these vessels were tied off and removed to saline before being opened. If the 
worms were in the smaller mesenteric veins, the mesenteries were stripped 
from the organs and placed in saline on a glass plate. With fine instru- 
ments the worms were then dissected from the veins. At any event the 
cloaca and large intestine and other sections of the intestine were split and 
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laid out on a glass plate so that the vessels on their surfaces could be ex- 
amined with the dissecting microscope. This is a very important step in 
detecting the smaller forms or females and no examination is complete 
without this procedure. Worms seen in the minute veins on the intestinal 
wall were best recovered by cutting across the vessel close to the specimen, 
and then gently forcing the worms out by lightly stroking the vessel with 
a fine but blunt instrument. The worms were transferred to saline and 
then dropped into Gilson’s fixative at 60^ C- In most cases, the worms 
relaxed reasonably well with this treatment although the filamentous 
forms never completely straightened out. Staining results varied with 
each species but alum-cochineal yielded the most consistently good speci- 
mens. Semichon’s carmine frequently gave good results. 

Tiblf. Pseiidohilhar della 

Some very minute blood flukes were found in four of the species of 
ducks examined in Wisconsin. These worms were all in the small veins 
on the surface of the large intestine and cloaca. Examination of stained 
specimens as well as observations on living specimens showed that all of 
these worms are very similar in morphology but it is possible to separate 
them into four forms which are here described as separate species. These 
worms are closely related and fit readily into the genus Pseiidobilhardella 
as defined by Ejsmont (1929) since they are filamentous, have both oral 
and ventral suckers well developed, have a short but distinct gynaeco- 
phoi'ic canal, and have the anterior part of the body much shorter and 
somewhat wider than the long posterior part which contains the numerous 


Pseudobilharsiella tmubesensis n. sp. 

(Figs. 1-2) 

Specific description: Psendobilhar della: Filamentous, cylindrical worms up to 
5.62 mm in length. Both sexes reasonably similar in size and shape but female 
slightly wider than the section of the male behind the gynaecophoric canal. Width 
of body of female uniformally about 0.047 mm. Width of male about 0.047 to 0.062 
mm at acetabulum, from 0.072 to 0.082 mm at gynaecophoric canal, and about 0.032 
mm behind the gynaecophoric canal. Both oral and ventral suckers well developed. 

Male: Acetabulum about 0.040 mm in diameter and about 0.275 mm from the 
anterior end and with several circles of fine spines. Body finely striated but not 
spined. Gynaecophoric canal well defined, 0.252 to 0.306 mm in length and about 
0.540 mm from anterior end and thickly spined. Testes approximately 100 in num- 
ber, about 0.035 mm long and 0.018 mm wide and arranged in tandem. Testes 
separated by a distance equal to or greater than the length of a testis; the body 
constricts between them to give a beaded appearance to the whole section back of 
the gynaecophoric canal. Testes extend from posterior end of the gynaecophoric 
canal to the end of the body. Vas deferens leads forward as a fine tubule to 
a point just back of the acetabulum where it turns posteriorly and expands into a 
large seminal vesicle which is coiled into about ten loops. The sperm duct leads 
directly as a simple tubule to the genital pore at the anterior end of the gynaeco- 
phoric canal. Oral sucker about 0.040 mm long and 0.028 mm wide. Mouth slightly 
subterminal. Simple esophagus bifurcates just cephalad of the acetabulum. Cecal 
reunion not observed. 
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Female: Acetabulum 0.306 mm from anterior end. Ovary not coiled, only 
slightly irregular in its course; about 0.325 mm long and situated 0.684 mm from 
anterior end of body. Ovary opens almost directly into the seminal receptacle 
which is about 0.050 mm long. Oviduct arises at posterior end of seminal receptacle, 
immediately turns anteriorly and proceeds as a small tubule to a point about mid- 
way between the acetabulum and the anterior tip of the ovary where it expands into 
the large thin walled ootype. A spindle shaped egg about 0.150 mm in length was 
enclosed in the ootype of the specimen examined. Its terminal spines extended in 
either direction beyond the limits of the main body of the ootype. The uterus leads 
forward from the ootype past the acetabulum but the exact location of the genital 
pore remains undetermined. The vitellaria consist of a great number of small fol- 
licles which start from a point about 0.1 SO mm caudad of the ovary and lie on both 
sides of the cecum, extending presumably to the posterior end of the body. Vitel- 
line duct not observed. Simple esophagus bifurcates just cephalad of the acetabulum 
and the ceca reunite again in the region of the seminal receptacle. 

Hosts: Nyroca collaris (Donovan) and Mareca americana (Gmelin). 

Location: Intestinal and cloacal veins. 

Locality: Lake Waubesa, near Madison, Wis., U. S. A, 

Type specimens: U. S. Nat. Mus. Helm. Coll. No. 44868. 

This description is based on detailed studies of 3 complete or nearly 
complete male specimens and 1 nearly complete female specimen from a 
baldpate duck, and 1 nearly complete male specimen from a ring-necked 
duck. 

Pseiidobilhardella kegonsensis n. sp. 

(Fig. 3) 

Specific description: Pseudobilharaiella: Male: Long, cylindrical body of uni- 
form diameter except for the slightly enlarged region of the gynaecophoric canal 
and the expanded posterior tip. Body length about 4.03 mm and maximum body 
width (excluding gynaecophoric canal region) 0.054 mm. Body surface finely 
striated but not spined. Oral sucker 0.036 mm long and 0.025 mm wide. Ventral 
sucker (0.288 mm from anterior end) 0.036 mm in diameter, may protrude notice- 
ably. and bears a number of circles of fine spines. Gynaecophoric canal well de- 
fined, 0.144 mm long and situated 0.54 mm from anterior end, and thickly spined. 
Body in this region 0.65 mm in diameter. Testes about 150 in number, 0.022 mm 
long and 0.032 mm wide, arranged in tandem and lying close together but usually 
not contiguous. They extend from posterior margin of the gynaecophoric canal to 
the posterior tip of the body. The vas deferens leads forward as a fine tubule to the 
region of the acetabulum where it turns posteriorly and expands into the seminal 
vesicle. The seminal vesicle is coiled into about 6 loops and extends almost to the 
gynaecophoric canal. At its posterior end it narrows into a simple, short sperm 
duct that empties through the genital pore which is on a small papilla at the anterior 
end of the gynaecophoric canal. The oral opening is slightly ventral in position. 
The simple esophagus bifurcates into the intestinal ceca about mid-way between 
the oral and ventral suckers. The point of cecal reunion was not determined. 

Female: Unknown. Eggs in intestinal mucosa of host were spindle-shaped. 

Host: Nyroca valisineria (Wilson). 

Lncafzow; Cloacal vein. 

Locality: Lake Kegonsa, near Madison, Wis., U. S. A. 

Type specimen: U. S. Nat. Mus. Helm. Coll. No. 44865. 

This description is based on a detailed study of a single, complete male 
specimen stained with Semichon's carmine stain. Several worms w^ere 
seen at autopsy of the one infected canvas-back duck but it was possible 
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to recover only one of them. The mucosa of the large intestine and cloaca 
of this bird contained numerous spindle shaped eggs. These hatched 
within a few minutes after being placed in tap water and the miracidia 
proved to be typical of the family Schistosomatidae. The miracidia 
are about 0.20 mm in length. 

Psetidobiiharmella horiconensis n, sp, 

(Fii?s. 4a and 6) 

Specific descfiptiofi: PsctidohilharzieUct: Male: Filamentous body about 3.56 
mm long which may be divided into three parts: a short section from the anterior 
end to the gynaecophoric canal which is about 0.057 mm wide; the anterior half of 
the section back of the gynaecophoric canal which has roughly parallel margins and 
is about 0.038 mm wide ; and the posterior section of the body which is very narrow 
and constricts between the testes giving a beaded appearance. Body surface finely 
striated but not spined. Oral sucker 0.036 mm long and 0.032 mm in diameter and 
possessing several circles of fine spines. Gynaecophoric canal well defined, 0.125 mm 
long and situated 0.432 mm from anterior end and thickly spined. Body in this 
region is 0.065 mm wide. Testes not over 115 in number; extend from posterior end 
of gynaecophoric canal to posterior end of body in tandem arrangement. Those in 
the anterior section of this body region are so closely arranged they are contiguous 
while those in the posterior, narrower section of the body may be a considerable 
distance from each other with the body wall constricting between them. The vas 
deferens leads forward as a fine tubule to a point just behind the acetabulum where 
it bends posteriorly and expands into the wide coiled seminal vesicle. The seminal 
vesicle is coiled into about four to six loops and extends almost to the gynaecophoric 
canal. At its posterior end it narrows into a simple, short sperm duct that empties 
through the genital pore which is on a small papilla at the anterior end of the 
gynaecophoric canal and slightly to the right of the mid-line. The oral opening is 
terminal or slightly sub-terminal. The simple esophagus bifurcates closer to the 
ventral than to the oral sucker. The location of the cecal reunion was not deter- 
mined. 

Female: Unknown. 

Host: Nyroca americana (Eyton). 

Location: Cloacal vein. 

Locality: Horicon Marsh, near Mayville, Wis., U. S. A. 

Type specimen: U. S. Nat. Mus. Helm. Coll. No. 44866. 

This description is based on a detailed study of a single, complete male 
specimen stained with Semichon’s stain. 

PseudobilharzieUa burnetii n. sp. 

(Fig. 5) 

Specific description: PseiidobilHarzieUa^: Male: LQi\gCcyVm6.rlQ.dl body of uni- 
form diameter except for the slightly enlarged region of the gynaecophoric canal. 
Posterior tip not seen. Length of body not determined; body width about 0.048 mm. 
Body surface finely striated but not spined. Oral sucker wider than long; 0.032 mm 
long and 0.036 mm wide. Ventral sucker about 0.216 mm from anterior end and 
0.040 mm in diameter, and has several circles of fine spines. Gynaecophoric canal 
well defined: 0.144 mm long and situated 0.45 mm from anterior end. and is thickly 
spined. Body in this region 0.065 mm in diameter. Number of testes not deter- 
mined, Testes wider than long ; arranged in tandem and contiguous with each 
other; extending from the posterior margin of the gynaecophoric canal presumably 
to the caudal end of the body. The vas deferens leads forward as a fine tubule to 
a point mid- way between the acetabulum and the gynaecophoric canal where it bends 
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posteriorly and expands into a short, wide seminal vesicle which is coiled in three 
to four loops. At its posterior end the seminal vesicle narrows into a simple, short 
sperm duct that empties through the genital pore on the right side of the anterior 
end of the gynaecophoric canal. The oral opening is sub-terminal. The simple 
esophagus bifurcates into the intestinal ceca just in front of the acetabulum. The 
point of cecal reunion was not determined. 

Female : Unknown. 

Host: Nyroca col laris (Donovan). 

Location: Cloaca! vein. 

Locality: Horicon Marsh near Burnett Wis.. U. S. A. 

Type specimen: U. S. Nat. Mus. Helm. Coll. No. 44867. 

The description is based on a detailed study of a single, male specimen 
in two fragments stained with Semichon’s carmine stain. 

These new species are differentiated one from the other as well as from 
previously described members of the genus in the following key. This key 
is based only on the males because, with the exception of P. waubesensis, 
the females are either unknown or inadequately described. Apparently 
the males of this group are more apt to be found. 


Key to Males of the Genus Pseudohilhardella 

1. Testes on each side of common cecum ; cecum usually convoluted . . 2 
Testes arranged linearally in tandem; common cecum more or less 

straight 4 

2. Testes numerous, more than one in each cross section 3 


Usually only one testis in each cross section; these lie alternately on 
each side of cecum .... Pseudobilhardella yokogawai (Oiso, 1927) 

3. Less than 4 mm in length ; genital pore anterior to cecal union. 

Pseudohilhardella querquedulae McLeod, 1937 
More than 5 mm in length; genital pore posterior to cecal union. 

Pseudohilhardella kowaletvskii Ejsmont, 1929 

4. Larger worms, 11--12 mm in length and O.IS mm in width; testes 

large, 0.08 mm by 0.06 mm. 

Pseudobilhar della filiformis Szidat, 1939 
Smaller worms, less than 5-6 mm in length and very slender .... 5 

5. Body cylindrical and uniform in diameter 6 

All or part of body back of gynaecophoric canal constricted between 

testes to give a beaded appearance 7 

6. Seminal vesicle only one-half the length of the distance from the 

acetabulum to gynaecophoric canal. 

Pseud ohilharsiella burnetti, n. sp. 
Seminal vesicle long, stretching from acetabulum to gynaecophoric 
canal Pseudobilhar della kegonsensis n. sp. 

7. Gynaecophoric canal over 0.25 mm long; seminal vesicle coiled in 

about 10 loops, extending from acetabulum to gynaecophoric canal. 

Pseud obilharBiella waubesensis n. sp. 
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Gynaecophoric canal about 0.150 mm long; seminal vesicle wide and 
forming only 4-6 loops . . . , P sendohUJmrdella horiconensis^ ii. sp. 

If the new species described here are not in the future proved to con- 
stitute a single species, then the genus PseiidoUlharmella rivals the genus 
Schistosoma in size. The eight species now placed in the genus Pseudo- 
bilhar della seem to form a rather homogeneous group as far as can be 
determined from the yet inadequate material available. In addition they 
are all found in ducks with the exception of P, filiformis which occurs in 
the swan. Males of all eight species have been described. In P. qiter- 
qttediilae and P. filiformds a cirrus sac and related organs and glands are 
reported. No reference is made to these structures in P. kozualewskii or 
P. yokogazvai. Although these structures were not seen in the new spe- 
cies even after careful study, it is still possible that they might be present. 
It is the author’s opinion that a cirrus and cirrus sac would be found to 
exist if more and better prepared specimens were available. In the males 
of all eight species the testes are numerous, completely filling the body 
caudad of the gynaecophoric canal ; a seminal vesicle is prominent, loosely 
coiled and generally fills the region between the intestinal ceca ; the gen- 
ital pore is situated at the anterior end of the gynaecophoric canal ; and 
the gynaecophoric canal is short but prominent, situated near the anterior 
end of the body and set with numerous fine spines. 

In the literature the females of P. filijormis and P. yokogazmi havt 
been reported. Those of the former species are smaller than the males 
while those of the latter species are longer although more slender than the 
males. Nothing concerning the structure of these females is available. 
The author has seen females of P. qaerquedulae but has been unable to 
obtain specimens suitable for study. All that can be said is that they are 
much smaller than the males. Thus it is seen that the description of the 
female of P. zvambesensls adds considerably to knowledge of the genus 
PseudohilharBiella. The sexes of this species are similar in general size 
and appearance. The ovary is in the anterior end of the worm. It opens 
into a fairly large seminal receptacle at its posterior end which in turn 
opens into the oviduct leading forward from this point. About mid-way 
between the ovary and the acetabulum, the oviduct expands into a large 
thin-walled ootype. The uterus leads forward past the acetabulum but 
the location of the genital pore is not determined. The vitellaria consist 
of numerous small follicles that completely fill the body back of the seminal 
receptacle. 

The eggs of P. filiformis and P. yokogazvai have been described in the 
literature and those of P. zmiihesensis, P. kegonsensis, and P. querquc- 
dulae have been seen by the author. In all cases except of P. filiformis 
the eggs are spindle-shaped with a long blunt spine on either end. The 
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egg of P, filiformis is semi-oval with only a very tiny spine at one end. 
In all cases the eggs contain fully developed miracidia when passed from 
the host and these hatch within a few minutes after reaching water. 

The life cycle of P, yokogawai has been described by Oiso (1927). 
He found in Formosa that cercariae very similar to the typical derma- 
titis-producing schistosome cercariae of North America would penetrate 
the skin of ducks and develop in about two weeks into mature schisto- 
somes in the small veins of the lower gut. Miracidia which hatched from 
the spindle shaped eggs of this species penetrated into lymnaeid snails. 
No life cycles of other members of the genus have been demonstrated 
experimentally but upon epidemiological evidence the author (Brackett, 
1940c) suggested that the larval stage of F. querquedtilae may prove to 
be C. physellae which develops in Physa snails in Wisconsin and Michi- 
gan. It seems not unlikely then that subsequent experiments will show 
that some of the new species of PseudobilharBiella described here develop 
from some of the cercariae involved in outbreaks of dermatitis. 

The Genus GigantobilharBia 

In certain restricted regions in Wisconsin a large percentage of the 
red- winged and yellow-headed blackbirds were found to harbor a long 
filamentous blood fluke in the tiny veins encircling the small intestine. 
The intestines of these worms often were packed with dark material which 
made them quite conspicuous especially under magnification. While large 
numbers of these worms were seen, very few specimens suitable for study 
could be removed since their great length prevented their being pushed 
or pulled out of the vessels. 

These worms have been placed in the genus GigantobilharBia and 
since, as will be presently described, the miracidia were shown after 
development in snails to give rise to Cercaria gyrauli Brackett, 1940, this 
species then becomes GigctntobilharBia (Brackett, 1940) n. comb, 

Gigantobilharma gyrauli (Brackett, 1940) 

(Figs. 6-7) 

Specific description: Gigantobilharma: Extremely filamentous. Sexes similar 
in size and shape. Body cylindrical, about 10 mm in length with posterior tip bluntly 
rounded. Body width uniformly about 0.045 to 0.050 mm. Oral sucker well de- 
veloped and 0.030 mm long. Ventral sucker absent. 

Male: Gynaecophoric canal present; 0.8 mm in length and 1.38 mm from an- 
terior tip of body. Body 0.054 mm wide at gynaecophoric canal. Testes very nu- 
tnerous; distance between each testis equal to or greater than diameter of each fol- 
licle. They extend from a point about 0.26 mm back of gynaecophoric canal to 
posterior tip of body. Vas deferens leads forward from testes as a very fine tubule 
to a point about 0.28 mm from anterior end of body where it bends posteriorly af 
expands into the seminal vesicle. Seminal vesicle about 0.26 mm long and coiled^ 
in 8 to 10 loops. Sperm duct leads directly as a plain tubule to the genital pore 
which is situated on a small papilla at anterior end of gynaecophoric canal. 

Female : Ovary coiled in about 10 loops ; 0.45 mm in length extending posteriorly 
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from a point L4 mm from anterior tip of body. Posterior end of ovary narr<jws intn 
a tubule 0.018 mm in length which leads into a seminal receptacle 0.15 mm in length. 
Oviduct arises at posterior end of seminal receptacle and immediately turns an- 
teriorly and continues to a point 1.115 mm from anterior end of body where it 
expands into a large thin walled ootype. The uterus leads forward from the ootype 
to the genital pore which is situated immediately behind the oral sucker. Vitellaria 
in numerous follicles closely arranged and practically filling the entire body from a 
point a short distance caudad of the seminal receptacle to the posterior tip of the 
body. Vitelline duct leads forward and joins the oviduct just before it enters the 
ootype. ^ No eggs observed in utero. Eggs only slightly elongate, about 0.060 mm 
long, thin shelled and without spine. Esophagus bifurcates 0.54 mm from anterior 
end and ceca reunite just caudad of seminal receptacle. 

Hosts: Age laius phoenicens arcfolegus Oberholser and XantJwccphaliis xantho- 
cephalus (Bonaparte). 

Location: Intestinal veins. 

Locality: Sun Prairie, Wis., U. S. A. 

Type specimens: U. S. Nat. Mus. Helm. Coll. No. 44864. 

The description of this species is bailed on detailed studies of frag- 
ments of four males and four females and general observations on many 
more fragments. The worms were collected from 20 red-winged and 5 
yellow-headed blackbirds. 

This species differs from G, acotylae Odliner, 1910 in being much 
smaller, in having a better developed oral sucker, and in having a longer 
gynaecophoric canal situated farther back from the anterior end. It is 
unlike both G. egreta Lai, 1937 and G, monocotylea Szidat, 1930 since 
neither of these possess a gynaecophoric canal. 

Herring and ring-billed gulls in the region of the Biological Station of 
the University of Michigan at Douglas Lake, Michigan, were found to 
harbor Microhilharda lari (McLeod, 1937). In addition some of these 
birds were found to harbor what proved to be an undescribed form which 
has also been placed in the genus Gigantohilharma. These worms are rea- 
sonably large a,nd were most frequently found in the larger intestinal veins 
and hepatic portal vein. 

Gigantobilharsia lawayi n. sp. 

(Figs. 8-9) 

Specific description: Giganfobilharsia: Extremely filamentous. Female as long 
as or longer than male and similar in shape but more slender. 

Male: About 7.3 mm in length and 0.150 mm in diameter at gynaecophoric canal 
and 0.105 mm elsewhere, Gynaecophoric canal present, anterior end distinct but 
posterior end terminates obscurely; 0.63 to 0.85 mm from anterior end and may be 
as long as 2.25 mm or may be shorter. Testes over 500 in number, wider than long, 
and arranged in tandem and usually close together. Testes extend from posterior 
tip of body to a point further forward than the posterior end of gynaecophoric canal 
but not beyond its equator. Vas deferens leads forward as a fine tubule to a point 
from 0.37 to 0.52 mm from the anterior end where it bends posteriorly and expands 
into the seminal vesicle. Seminal vesicle 0.30 to 0.37 mm in length and coiled in 
about six or seven loops. Cirrus and cirrus sac present. Genital pore situated at 
anterior end of gynaecophoric canal. Intestine bifurcates from 0.22 to 0.30 nim 
from anterior end. Point of cecal reunion not seen. 

Female: About 10 mm in length and a maximum width of 0.060 mm. Ovary 
coiled in 8 to 10 loops ; 0.22 mm in length and situated 0.71 mm from anterior end. 
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Posterior end of ovary opens almost directly into seminal receptacle which is 0.075 
mm in length. Oviduct arises at posterior end of seminal receptacle and immediately 
turns anteriorly and proceeds to a point 0.60 mm from anterior end where it expands 
into a large thin- walled ootype. The uterus runs forward from the ootype and the 
genital pore is probably just behind the oral opening. Vitellaria small and numerous 
and start a short distance posterior to the seminal receptacle and fill the body 
caudad of this point. Vitelline duct not observed. No eggs seen in the uterus of 
the worms or in the intestinal mucosa of the hosts. Digestive system not observed. 

Hosts: Lams argentatus 'smithsonianus Coues and L. delawarensis Ord. 

Locatmt: Intestinal veins and hepatic portal. 

Locality: Douglas Lake, Michigan, U. S. A. 

Type specimens: U. S. Nat. Mus. Helm. Coll. Nos. 44862 and 44863. 

The description of this species is based on detailed studies of 4 entire 
or almost entire male specimens and one almost entire female. Reference 
to the following key to the males of the genus Glgantohilharzia will serve 
to differentiate this species from others of the genus. 


Key to Males of the Genus Gigantobilharsia 

1. Gynaecophoric canal present, more or less well developed ........ 2 

Gynaecophoric canal absent 4 

2. Oral sucker present 3 


Oral sucker absent Gigantohilharzia lawayi n. sp. 

3. 140 to 165 mm long and 0.25 to 0.35 mm wide. 

Gigantobilharzia acotylea Odhner, 1910 
About 10 mm long and 0.06 mm wide. 

Gigantobilharzia gyraidi (Brackett, 1940) 

4. Oral sucker present .... Gigantobilharzia monocofylea Szidat, 1930 

Oral sucker absent Gigantohilharzia egreta Lai, 1937 

The genus Gigantohilharzia is difficult to define precisely because the 
species now referred to it may not be cogeneric; but because the group 
is not yet well enough knowm a revised generic diagnosis is not proposed 
even though Odhner’s (1910) characterization of the genus is now inade- 
quate. However, it seems worth while to call attention to several points. 
None of the species possess an acetabulum although an oral sucker may 
or may not be present, A gynaecophoric canal is absent in some species 
and poorly defined in others. The testes, at least in some species (G. 
lawayi and G. egreta), are more numerous than in any other known 
forms. The eggs are known for 3 species and all are oval without spines 
or with only a tiny spine at one end. In addition, as contrasted with the 
genus Pseud obilharziella, these species are not found in ducks but in gulls, 
blackbirds and the cattle egret of India. 

The Life Cycle of Gigantobilharzia gyrauli 

Usually the mucosa of the intestine of infected blackbirds was found 
to contain large numbers of the eggs of G. gyrauli. Many of these eggs 
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contained fully developed miracidia and it is assumed that they are in this 
condition when passed from the host. Eggs scraped from the mucosa 
were put in tap water where some hatched within a few minutes and others 
continued to hatch over a period of two days. 

The miracidium has two flame cells on each side of the body and in 
other respects is characteristic of this stage of species of the family 
ScHiSTOSOMATiDAE. It is Considerably larger than the miracidium of the 
human schistosomes, however, since it is 0.20 mm in length as compared 
with a length of about 0.13 mm for the miracidium of Schistosofna haema- 
tobmm. The large size of the miracidia seems to be a characteristic of the 
avian schistosomes. The miracidia swim about actively and are attracted 
towards light. 

On May 6, 1940, the following snails Gyrauhts parvus (Say), Mcnetus 
exacuous (Say), and a species of Physa collected from Williams Creek 
near Madison, Wisconsin, were put in an aquarium containing water and 
plants from the habitat of the snails. The aqitarium was aerated and 
kept at room temperature (about 70° F). Miracidia of the blackbird 
schistosome were introduced into this aquarium on May 6, 8, and 13, 
1940. Snails in this experiment were first examined by autopsy on June 
6, 1940, with the following results : 

C. parvus 

29 negative for cercariae 
18 with monostome cercariae 

1 with echinostome cercariae 

2 with stylet cercariae 
M. exacuous 

3 negative for cercariae 

1 with echinosome cercariae 

1 with stylet cercariae 

1 with monostome cercariae 

1 with spirorchid cercariae 
Physa sp. 

1 large specimen negative for cercariae 

The rest of the snails in this experiment were examined a week later 
on June 14, 1940, with the following results : 

G. parvus 

8 negative for cercariae 

7 with monostome cercariae 
M. exactions 

3 negative for cercariae 
Physa sp. 

1 large specimen negative for cercariae 

4 small specimens negative for cercariae 

2 small specimens with 

Controls for this experiment were collected on June 15, 1940, from 
precisely the same spot from which the experimental snails were col- 
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lected. One hundred and twenty-five Physa sp. of unquestionably the 
same generation as those used in the experiment were examined by re- 
moving the snail body from the shell and teasing it apart under a dis- 
secting microscope. None of these snails was found to harbor C. gyrauli 
or any other cercaria that might be confused with it. Since two out of 
the six physas in the experiment and none of the 125 controls Avere in- 
fected with C. gyrauli it seems reasonably safe to assume that the cercariae 
in the experimental snails resulted from infections with the miracidia from 
the blackbird schistosome. These two infections w^re just reaching 
maturity which means that it required an interval of four to five weeks 
from the time the miracidia penetrated the snail host until cercariae were 
fully developed. This interval is in accordance with that for the develop- 
ment of C. elvae as shown by an earlier experiment (Brackett, 1940c). 

The relationship of this schistosome to its snail intermediate host 
is confusing but veiy interesting. Since C. gyrauli was described from 
the snail G, parvus but was not found in physas from the same locality 
(Brackett, 1940b), it seems strange that in the above experiment this 
species should have developed in the physas and not in G. parvus. In 
view of Talbot’s (1936) work in which he showed that three species of 
cercariae very similar in morphology developed in different snail hosts 
it might be suspected that we are dealing here with a species separate 
from but similar to G. gyrauli and one which requires a different snail 
host. Looking at Talbot’s work further it is seen that in addition to 
having different hosts these three species (C. elvae, C. stagnicolae, and 
G. physellae), while almost indistinguishable morphologically, do differ 
quite strikingly in their behavior. Such is not the case with G. gyrauli 
and the cercariae developed in the above experiment for these latter cer- 
cariae agree perfectly in behavior with those which were used by the author 
(Brackett, 1940b) to establish the species G. gyrauli. A likely explana- 
tion is that a species of snail may not be equally susceptible to the invasion 
of miracidia of P. gyrauli at all stages in its developmental cycle. Con- 
sequently, it may be assumed that when C. gyrauli was found in 1939 
in a large percentage of the snail G. parvus from Sun Prairie Pond, Wis- 
consin, the snails of this species w’ere at a different stage in their cycle 
than those used in the experiment described in this paper. The physas 
examined from the Sun Prairie Pond in 1939 were not found to harbor 
G. gyrauli so, accordingly, they must have been at a stage in their cycle 
which was refractory to the miracidia of G. gyrauli when these miracidia 
were present. 

There is another possibility that might be worthy of consideration. 
It was mentioned earlier that the miracidia of G. gyrauli are attracted 
towards light so that in their natural environment they would probably 
concentrate near the surface of the water. It seems possible that under 
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the natural conditions at the Sun Prairie Pond during the period these 
miracidia were in the water the physas might have been deeper in the 
water while the gyraulis were at the surface. An exact antithesis would 
then have to be assumed for the snails in the experimental aquarium. No 
observational records are available on this point. 

It is obvious that no proved explanation for this host relationship is 
available. However, future work on the life cycles of the avian schisto- 
somes may be expedited if this point is kept in mind and the conditions 
of the experiments broadened sufficiently in order to decrease the possi- 
bilities of failing to establish an infection even though the right hosts 
are being used. More extensive work on the life cycle of the blackbird 
schistosome would surely clarify the conditions necessary for successful 
establishment of its larval stages in the snail host. 

If it is proved that the snail intermediate host is not equally suscep- ; 

tible to infection with schistosomes at all stages of its development, then 
the epidemiology of schistosome dermatitis becomes more complicated. 

It has been pointed out several times (Cort et al, 1940 and Brackett, 1941 ) 
that varieties of the snail N. emarginata are most important in outbreaks i 

of swimmer's itch because they prefer sandy beaches and reach the height i 

of their development during the swimming season. Also of significance i 

is the fact that the dermatitis-producing cercaria C. stagnicolae in these 
snails reaches the peak of its development and emerges in greatest num- 
bers during the height of the resorting season in Michigan and vicinity. 

It has been suggested (Cort et al, 1940) that the seasonal periodicity of 
this cercaria is due to the activity of the as yet unknown definitive host. 

For example, if the definitive host is a migratory bird it would be present 
on the beaches of northern Michigan only certain times of the year thus 
limiting the exposure of snails to an infection. If in addition to this we 
must consider the differential seasonal susceptibility of the snail inter- 
mediate host then the interrelationship between the factors influencing or 
favoring the completion of the life cycles of certain schistosomes is more 
complex and precise than had been suspected. 

Distribution of Gigantobilharzia gyrauU 

The adults of G. gyranli wtre first found at Sun Prairie Pond, Wis- 
consin, in the spring of 1940. Earlier investigations sliowed three spe- 
cies of schistosome cercariae, C. pJiysellae, C: elongata, and C. gyrauU, 
were to be found there but due to restricted collecting privileges only two 
species of adults were found. The author (Brackett, 1940c) gave evi- 
dence to suggest that P. querquedulae, which occurs commonly in the teal 
ducks from the Sun Prairie Pond, is the adult stage of C, physellae and 
concluded that the undescribed schistosome found in pied-billed grebes 
from this pond must be the adult stage of tWhtt C. elongata or C. gyranli. 
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Since C. gyrauli has been shown to be the larva of G. gyrauli in black- 
bii els, then it seems possible that the grebe schistosome clevelops from 
C. elongata. 

After finding that a large percentage of the blackbirds from the Sun 
Prairie Pond were infected with G. gyrauli (60 per cent of 7 red-winged 
blackbirds and 83 per cent of 6 yellow-headed blackbirds), these species 
from fourteen other localities were examined. This schistosome was 
found to be widely but unevenly distributed in central Wisconsin. Where 
It occurred it was found in a large percentage of the blackbirds but in other 
similar and often nearby localities it was completely absent (see Table 1). 

Table I,— Blackbirds* examined for P. gyrauli in 1940 


Locality 


Sun Prairie 


Lake Monona 

Dunn’s marsh ... 

Hammersley’s marsh * 

Hope Lake 

Bed Cedar Lake . . ' 

Sumner township Jefferson Co. 

Koshkonong station ........ 

Lake Poygan ............ 

Winneconne ... 

Lake Butte des Morte .’ .* ! 
Kush Lake 


Horicon marsh 
Hustiford Lake 


Date 

Number 

examined 

May 


6-8 

7 

4-8 

6 

7-30 

( yellow- 
headed) 

8 

7 

4 

16 

5 

15-29 

6 

29 

3 

9 

6 

9 

3 

13 


12 

2 

13 

2 

11 

5 


5 


(yellow'- 

21 

headed) 

5 

22 ■ 

2 


Number 

positive 


4 

5 


0 

0 

0 

5 

2 

2 

(light hit:.) 
0 

' 2 
2 
2 
1 

(light inf.) 
0 


0 

0 


Per cent 
positive 


69 

83 


'sz 

66 

33 


66 

100 

100 

20 


Unless otherwise indicated these are all red-wdnged blackbirds. 

These irregularities in distribution do not seem to be due to chance but 
emphasize a fact which is already known to parasitologists and which 
was referred to earlier in this paper, namely, that the very special com- 
bination of factors permitting the completion of a trematode life cycle is 
not uniformly distributed. Those blackbirds examined early in the sum- 
mer were probably carrying infections contracted the previous year be- 
cause examinations of snails from the same areas during the spring up to 
the time the birds were examined showed that the cercaria of G. gyrauli 
was not yet escaping into the water. It is evident then that the black- 
birds must have returned to the same place they had spent the previous 
year otherwise the distribution of the parasite would have been more 
uniform throughout the central Wisconsin marsh and lake region The 
persistence with which many species of birds return to the same spot each 
year has been clearly shown by the banding records of the U. S. Biological 
Survey, but it seems of considerable interest and perhaps may prove to be 
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of some significance that such a definite relationship can be shown ho 
tween a birds migratory habits and its parasitic infections. 
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Explanation of Plates 
A ll figures semidiagrammatic 
Plate I 

Fig. 1. Pseudobilhar della zmubesensis. Anterior portion of female. 

Fig. 2. P send ohilhar della waubesensis. Anterior portion of male. 

Fig. 3, Psettdobilhar della kegonsensis. Anterior portion of male. 

Fig. 4. Pseudobilhar della horiconensis^ a. Anterior portion of male b 
Posterior portion of male. ’ 

Fig. 5. Pseudobilhar della burnettl Anterior portion of male. 

Plate II 

Fig. 6 . Gigantobilharda gyraulL Anterior portion of female. 
tiG, 7. Gigantohilharda gyraulL Anterior portion of male. 
tiG, 8. Gigantobilharzia lawayi. Anterior portion of female. 
tiG. J. Gigantohlharda lazmyii. Anterior portion of male. 






REACTIONS OF MAN TO THE FEEDING OF 
REDUVIID BUGS 


Sherwin F. Wood 

Department of Life Sciences, Los Angeles City College, 

Los Angeles, California 

In reports of Kofoid and Whitaker (1936), Herms (1939), Wehrle 
(1939), and Wood (1941), observations have been recorded concerning 
the reactions of man after being bitten by various species of Triatoma 
(Hemiptera, Reduviidae). These reactions vary from a slight local red- 
ness at sight of bite to a severe illness lasting several days or weeks. In 
order to record the physical effects of the bite, the writer tested the feed- 
ing reactions of several species of uninfected bugs. The bug was allowed 
to feed on the left hand or arm while using the right hand to record obser- 
vations. 

OBSERVATIONS 

On August 3, 1939, an adult female Triatoma protracta (Uhler) was 
placed upon a black-topped table beside my hand. The bug immediately 
extended its proboscis and began to probe the inside surface of the base 
of the little finger, A slight pricking sensation \vas felt as the tip of the 
proboscis was pressed against the skin and feeding started. After half a 
minute, the bug moved its body slightly and a more distinct pricking 
sensation was felt for 3 seconds. The antennae were held outward and 
slightly extended backwards while the body position was maintained by 
slight movements of the legs to adjust for slight movements of my hand. 
After 5 minutes, the bug's body could be seen to swell. After 6 minutes, 
the tips of the wings began rising above the noticeably rounded abdomen. 
Twelve and one-half minutes after contact, the bug withdrew its proboscis, 
having fed to capacity. Careful scrutiny of the finger at the exact point 
of contact did not reveal any evidence of a puncture, of swelling or redness. 
Repeated examinations failed to reveal any physical signs of a Triatoma 
having fed upon the finger. 

Mr. ''S" from Sanger, Fresno County, California, sent me one adult 
female Triatoma protracta with the following note, dated May 21, 1940: 
^'This bug bit me on the hand last night. It evidently struck a vein for 
in ten minutes I was itching to my ankles and pains were shooting to 
my shoulder. This morning my hand is badly swollen. As yet the mark 
of the bite does not show but will when the swelling goes down. They 
affect my wife differently. She will not feel the bite usually but the next 
day will have a bad headache. She has learned to recognize the head- 
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aches and when she has one we look and usually find the bug full of 
blood. I have known people in the neighborhood to become unconscious 
from the bites but thought it might be hysterics/’ 

On July 8, 1939, an adult female Triatoma protracta woodi Usinger 
was placed beside my left hand which was palm down on the table. The 
bug extended its proboscis and immediately began probing. After trying 
sevei'al spots, it wandered away. No definite sensation could be felt as 
it moved the tip of its proboscis here and there over the finger. Turning 
my hand over, the bug was placed beside the little finger. The same 
probing technique was repeated, the bug seeming to avoid calloused areas 
of the finger. Soon its proboscis came to rest in a crease near the base of 
the little finger. Almost immediately, its body began to swell and after S 
minutes it withdrew its proboscis. At the site of puncture, there was a 
slightly reddened area 1 mm in diameter which soon disappeared so that 
a few minutes later no trace of the point of contact could be found. No 
pricking sensation of any kind was definitely felt at this feeding. On 
March 2, 1940, another adult female T. p. zvoodi fed on the inner surface 
of my left wrist. As the proboscis touched the skin and the bug pressed 
toward the wrist, a slight tickling sensation was felt for 1 minute. The 
bug began to feed immediately and no sensation of any kind could be felt 
indicating its presence. Eight minutes after contact a sensation was felt 
at the site of contact with the proboscis for a few seconds as if the skin 
had been touched lightly with a blunt, cold dissecting needle. Eleven 
and one-half minutes after contact the bug withdrew its proboscis, filled 
to capacity. 

On September 10, 1939, an adult male Triatoma longipes Barber was 
placed on the table. The bug walked about for a few minutes then began 
slowly to wave its antennae back and forth as if sensing my warm hand. 
Very soon it extended its proboscis and touched the calloused under- 
surface of the thumb resting on the table. A slight but definite sensation 
of touch was felt as the proboscis contacted the thumb. Two and one- 
half minutes later a distinct tickling sensation was felt for 1 second 
(movement of the stylets in the epidermis?). Five minutes after contact 
a distinct tickling sensation was felt for 3 seconds. Six minutes after 
contact, the upper surface of the abdomen of the bug began to elevate, lift- 
ing the wing tips ofiE the abdomen. At 6.5 minutes after contact, the bug 
withdrew its proboscis and walked away, being only about half full. No 
physical evidence of the contact could be seen. 

On October 21, 1939, my left index finger was suspended in a jar con- 
taining 1 male and 1 female Triatoma heidemanni Neiva. Both bugs 
immediately reacted to the warmth by probing the tip of the finger. In 1 
minute, both had made contact and started to feed. A definite sensation 
of something touching the tip of the finger was noticed, followed by a 
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slight tickling sensation for about 1 miiiute. One minute after contact, 
the abdomens of both bugs began to swell. Two and one-fourth minutes 
after contact, the wing tips of both were well raised above the ends of their 
abdomens. Three and one-half minutes after contact, a slight tickling 
sensation lasting several seconds was felt. Both bugs remained practi- 
cally motionless during feeding. After 4^ minutes, both bugs broke con- 
tact. No evidence of any physical damage to the finger at points of con- 
tact with the proboscides of the bugs could be found. 

On May 18, 1940, an adult male Tiiatoma gerstaeckcri (Stal) made 
contact with the tip of my left index finger suspended in a glass jar. As 
it started to feed a sharp pricking sensation was noticed for afjout 1 minute 
(movement of stylets, ejection of saliva?). Thereafter, no sensitivity 
to the presence of the proboscis was noted. The only movements of the 
bug were slow waving of the antennae and movement of the legs to 
adjust body position for maintaining contact with slight movements of 
the finger. After 15^- minutes, the bug broke contact, having fed to 
capacity. 

On July 13, 1940, an adult female Triatonia sanguisuga Lee. after 
15 minutes of probing, retreating, testing and retesting the tip of the 
finger (as w^ell as the surface of the nail) suspended in its jar, finally 
began to feed. Although there were many contacts of the tip of the 
bug's proboscis with the top of the finger, no sensation of any kind was 
felt until the proboscis stopped and the bug pressed the tip against the 
finger. This was followed by a slight tickling sensation for 3 seconds. 
The bug then remained perfectly motionless, the tip segment of its pro- 
boscis at right angles to the skin surface and the rest of the proboscis held 
at about a 45 degree angle. After 10 minutes, it slowly moved its anten- 
nae. Its abdomen w^as well rounded with the ends of the wings extending 
well above the top of the abdomen. After 23 minutes the bug seemed 
full but still held contact. After 29 minutes the finger was moved but 
the bug moved its body to maintain contact. At 30 minutes movements 
of the finger resulted in the bug pulling away. By this time, the abdomen 
of the bug was almost round in cross section like that of large nymphs 
after a full meal. On August S, 1940, this same bug was placed on the 
black table top beside my forearm. Contact with my skin was made on 
the arm just below the elbow. There was no sensation of any kind as it 
began to feed. Five minutes later, the wing tips began to lift above the 
end of the abdomen. After 6 minutes, a tickling sensation, was felt for 3 
seconds. After 7 minutes, a slight ''burning'' sensation at the site of the 
bite was felt for 20 seconds. Eleven minutes after contact, a slight sting- 
ing sensation at the point of contact with the proboscis was felt for 15 
seconds. After 12 minutes, the bug seemed filled to capacity but con- 
tinued contact. Twenty-two minutes after contact, the external genitalia. 
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ordinarily not conspicuous, were forced to protiaide by the pressure of the 
food on the abdominal organs. The conjunctivae between the abdominal 
segments were distended so that there were broad alternating light and 
dark bands across the posterior half of the abdomen. The bug pulled 
away from the arm of its own accord after 24 minutes of feeding. No 
physical reaction of any kind was found at the site of the bite and there 
"was no feeling of discomfort during the feeding period or thereafter. 

On July 23, 1940, an adult female Triatoma ruhida (Uhler) began to 
feed almost as soon as my middle finger was suspended in its jar. The 
proboscis came to rest on the soft skin on top of the terminal joint. A 
slight pricking was felt for one-half minute, accompanied by a sensation 
of something touching the finger. The axis of the bug’s body was at 
right angles to the axis of the finger. Its proboscis was held straight out 
except the tip, which tilted upward. Three and one-half minutes after 
contact the wing edges began to rise from the posterior edge of the abdo- 
men. After S minutes, the abdomen was well rounded. The bug 
remained very quiet. After 10 minutes, it moved its hind legs as if to 
get a better stance. At 11^ minutes after contact, it pulled away. The 
point of contact was in a crease and showed a red spot of clotted blood 
0.5 mm in diameter where the wound bled during or after contact with 
the bug’s proboscis. For an area 1 mm in diameter around this spot 
the skin was slightly reddened. Rubbing the finger removed the clot but 
the small reddened zone, not swollen, remained for about 1-| hours. 
Another female T, rubida was placed on the table where it fed on the 
inside of my wrist. As it contacted the skin a definite pricking sensation 
was felt for 40 seconds followed by a slight tickling at the point of con- 
tact. The pricking was felt as the bug pushed its proboscis against the 
skin. When it stopped pushing, after contact was made, the pricking 
sensation stopped. When the arm moved, the bug adjusted its position 
by moving its body on its legs, rarely changing the position of its feet. 
Eight minutes after contact the bug pulled away, fed to capacity. There 
was a reddened zone 1 mm in diameter on the skin at the point of contact. 

Five imislt T, rubida (2 infected with Trypanosoma crmi Chagas) 
and one male T, gerstaeckeri were received from Mr. ' 'R’* who collected 
them from a house in Sanderson, Texas. Mr. ‘"R” wrote me the follow- 
ing June 27, 1940: 'The people living at this place are all in excellent 
health, and state that these suckers have sure dealt them misery.” 

On July 23, 1940, my left index and middle fingers were suspended in 
a jar with two female Triatoma indictiva Neiva. Both bugs scurried 
about the jar and tried to hide. After five minutes, one female moved 
up to a finger and then backed away without elevating her proboscis. 
Neither bug seemed inclined to feed. On July 26, the process was re- 
peated for 11 minutes with no results. On August 1, attempts to feed 
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them in the daytime as above met with failure. This time the females did 
elevate their proboscides and probed the tip of a finger. They were then 
placed alongside the inner surface of the forearm and again one female 
probed several spots on the arm without making contact to feed. Xo 
sensation of any kind was felt as the bug moved its proboscis over the 
surface of the arm. Believing the insects might feed if it were night, I 
placed my index finger in their jar at 9 : 55 p.m. The jar was shaded 
from dim light so that the bugs were barely visible. Five minutes later, 
one female touched the tip of my finger with her proboscis and remained 
there for 20 seconds. The other female probed nearby, touching a finger 
for 30 seconds. Both broke contact and then tried to feed again at the 
edge of the nail. Two minutes later, as one female probed again, a slight 
tickling sensation was felt for 2 seconds but in a minute the bug pulled 
away, retreating into a fold of the paper toweling in the jar. Although 
a choice of fingers was offered, they did not feed. On August 3, similar 
results wei'e experienced with the same two female T. indictiva. On 
August 7, noting that the bugs seemed weak, they were placed with a -white 
mouse but neither one fed. 

On August 1, 1940, one adult male Paratriatoma hirsuta Barber was 
placed on a pleated piece of paper toweling near the inside of my left 
wrist. The bug immediately extended its proboscis, inserting it on the 
undersurface of the wrist. A sharp pricking sensation was felt for 4 
seconds, followed by a slight tickling sensation for 5 seconds. One and 
one-half minutes after contact, the abdomen of the bug began to swell, 
elevating the wings off the abdomen. By three minutes, the abdomen 
was markedly distended so that the upper sides showed the red color of 
the blood in the internal organs beneath. Six minutes after contact, there 
was a sharp pricking sensation for about 2 seconds. The bug stopped 
feeding in minutes, filled to capacity. Another adult male P. hirsuta 
began feeding almost immediately. With the first contact on the skin, 
there was a brief sharp pricking sensation lasting 10 seconds. The bug 
immediately began to fill up. Twm minutes after contact, the abdomen 
could be seen enlarging, causing the ends of the wings to be raised. Five 
minutes after contact, a sensation of something touching lightly at the 
point of contact was felt for 5 seconds. This bug fed to capacity in 9-| 
minutes and pulled away. In both cases, no physical disturbance to my 
skin of any kind could be found at the time of feeding. Forty hours after 
the bug stopped feeding, a severe itching of the underside of the left wrist 
directed my attention to the two sites where Paratriatoma had fed. The 
area around each bite was swollen and inflamed, A slight, continuous 
itching sensation of these areas was felt from forty hours on. Fifty-two 
hours after the bug had stopped feeding, the round, swollen, reddened 
areas measured 4 mm in diameter and the itching was less intense. At 70 
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hours, the “bumps” measured 3 mm in diameter, were still firm but only 
slightly inflamed. At 94 hours, at one site a hard lump, 3 mm in diam- 
eter, was evident. At the other site, there was only a slight elevation and 
the area affected measured 2 mm in diameter. At 118 hours, both ele- 
vated areas measured 2 mm across and appeared bluish red in contrast to 
the former pinkish red. The swelling at one site had disappeared but the 
other site was still firm and hard although somewhat smaller than at the 
previous observation. Seven days after being bitten, there were two 
purplish-red areas about 2 mm ixi diameter with only the central point 
raised but no physical sign of an actual puncture mark could be found. 
At 1 S days, two discolored areas at the site of the bites were distinctly 
visible. They measured 2 mm in diameter and were gradually fading, 
especially at the edges. At 17 days, the one bite which had remained 
swollen and hard longer than the other was now barely visible. The other 
site was a deeper red in color and showed a hard, swollen, centrally ele- 
vated region 1 mm in diameter after having shown no swelling for several 
days. At 19 days, there was no trace of the one bite. The other bite 
showed a swollen, reddened, elevated area 2 mm in diameter which was 
recognizable only as a tiny pink dot at 30 days. 

DISCUSSION 

Since it has been shown that these bugs are vectors of Chagas’ dis- 
ease (F. D. Wood, 1934; Kofoid and Whitaker, 1936; Packchanian, 
1939; S. F. Wood, 1941) in the United States, distinction should be 
made between symptoms which are purely reactions to physical and chem- 
ical (salivary secretions) contacts with the bugs and possible reactions to 
disease organisms that they may carry. The method of transmission of 
Trypanosoma crusi, causative agent of Chagas’ disease, is by contamina- 
tion of the bug bite, of a skin abrasion or of a mucous membrane by infec- 
tive feces of the bug. As has been emphasized recently by Mazza ( 1939) , 
a very prevalent and easily recognizable symptom of Chagas’ disease is the 
swelling of one or both eyelids (unilateral or bilateral palpebral edema) 
after contact with infected insects. 

SUMMARY 

The writer experienced no marked physical discomfort during feed- 
ings of Triatoma protracia, T, p, woodi, T. longipes, T. heidemanni, T. 
gerstaeckeri T. sanguistigaj T. rubida, md Paratriatoma hirsuta at dif- 
ferent times upon various areas of his left fingers, hand and forearm. In 
every case but one, there was no marked injury due to the bite. In the 
case of Paratriatoma hirsuta Barber, there was a local irritation of the 
skin at the site of the bites, but there was no general reaction of any kind. 
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STRIGEID TREMATODES OF THE ALLIGATOR, WITH RE- 
MARKS ON THE PROSTATE GLAND AND TERMINAL 
PORTIONS OF THE GENITAL DUCTS 

Elon E. Byrd and Robert J. Reiber 

Zoology Department, University of Georgia 

Within x'ecent years at least five species of strigeid trernatodes have 
been made available for study by the writers. These worms were re- 
covered from the small intestine of the alligator, Alligator mississipiensis 
(Daudin), from three localities, Silver Springs, Florida, Tallahassee, 
Florida, and Midville, Georgia. Since all five species of the flukes pos- 
sess a prostate gland, they have been placed in the family of Protero- 
DiPLOSTOMiDAE Diibois, 1936. Three of the species are considered new 
to science and two of these are placed in a new genus. A description of 
the new genus and species follows. 

Family Proterodiplostomidae Dubois, 1936 
Subfamily Proterodiplostominae Dubois, 1936 
Pseudoneodiplostonmm acetabulata n. sp. 

(Figs. 1-^) 

Specific diagnosis : Pseiidoncodiplostomum. Elongated strigeid fluke with body 
divided into two segments, anterior segment of which is relatively thin and flat; 
posterior segment almost cylindrical. Total length of body 5.50 ± .01 (4.80-5.96)*** 
mm. Anterior segment broadest in region of holdfast organ, tapering anteriorly 
to a much narrower and more rounded anterior margin, 2.78 ±.005 (2.44-2.96) mm 
long by 1.02 ±.004 (0.83-1.22) mm in greatest width. Posterior segment slightly 
overlapped by anterior segment, attached to anterior segment by anterio-ventral 
margin, widest anteriorly, with almost parallel sides but tapering slightly toward 
posterior end, 2.74 ± .006 (2.24-3.07) mm long by 534 ± ,09 (320-770) p. in greatest 
width. Oral sucker muscular, from 130 to 160 p, in diameter, at anterior margin 
of body. Prepharynx short or absent. Pharynx 87 to 110 p in diameter. Esopha- 
gus short, about same length as pharynx. Ceca slender tubes, curving around 
acetabulum and holdfast organ, reaching to about level of middle of prostate in 
hindbody. Acetabulum large and muscular, 410 ±.01 (370-450) p in diameter, 
situated 0.96 ± .003 (0.77-1.06) mm behind anterior margin of body. Holdfast 
organ broadly elliptical, muscular, with about 12 papillae bordering central cavity, 
680 ± .002 (570-840) p long by 610 ± .002 (500-740) p wide, located 470 ± .004 (410- 
510) p behind acetabulum, just in front of hindbody. Proteolytic gland large, multi- 
lobed, dorsal to posterior margin of holdfast organ. 

Ovary dorsal in position, to left of midline, 127 ±.005 (87-168) p long by 173 
±.02 (110-306) p wide, placed 0.62 ±.006 (0.27-1.13) mm behind union of two body 
segments. Oviduct long, giving rise to Laurer’s canal about midway between ovary 
and ootype, forming ootype in intertesticular space. Shell gland and yolk reservoir 
rather large, between the testes. Uterus forming several transverse loops in as- 

Received for publication, March 6, 1941. 

* Measurements are presented in two ways. 1. The mean with its probable 
error. 2. The range of measurements (from smallest to largest) in parentheses. 
In computing the probable error the number of degrees of freedom is taken into 
account. 
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cending to anterior limits of hindbody, then forming more transverse loops in 
descending to genital pore, surrounded by muscle in area of prostate to form metra- 
tem. Metraterm about as long as prostate. Ova 87 to 97 p, long by 44 to 61 u 
mde, several dozen usually present in uterus. Vitellaria follicular, distributed into 
both body segments, extending as far forward as caudal boundary of acetabulum in 
anterior segment and posteriorly to level of prostate in hindbody ; vitellaria in pos- 
terior segment in two main bands, dorsal, lateral and ventral to ceca behind ovary 
body”^^' continuous band across dorsum of body in anterior part of hind- 

1 estes in tandem, close behind ovary, triangular to rectangular ( seldom round) 
nnt 'foao'enm Anterior testis 220±.01 (170-330) p long bv 

+ 01/000 coll P°"terior testis 213 ±.02 (190-339) p long by 338 

_.01 (-00-504) p wide, situated 180 ±.02 (84-300) p behind anterior testis. Vasa 
elterentia uniting in dorsal area of intertesticular space to form small seminal reser- 
voii. ^ Vas deferens ansing from reservoir, passing posteriorly almost parallel to 
uterus in ventral aspect of body, gradually increasing in width, becoming dilated to 
torm seminal vesicle in area immediately behind testes. Seminal vesicle consider- 
ably coiled, constricting into ejaculatory duct near anterior limit of prostate 
Ejaculatory duct with thin, muscular wall in central part of its length, joining pros- 
tatic canal at level approximating one-fourth length of prostate from caudal end 
Prostate rather large, 310 to 450 p long by 120 to 160 p wide, with heavy muscular 
wall and medium-large central cavity. Prostatic canal joined by uterus at end of 
prostate, forming hermaphroditic canal. Hermaphroditic canal opening at summit 
of genital papilla into rather large atrium. Genital atrium dorsal in position. 
Prostate gland, ejaculatory duct (muscular portion) and metraterm surrounded by 
their own individual masses of gland cells ; prostate surrounded by more of these 
ceils than is the case with other two structures. 

Host: Alligator mississipiensis (Daudin). 

Habitat: Small intestine. 

Locality: Silver Springs, Florida. 

Addihonal^ specimens: Tallahassee, Florida, and Midville, Georgia. 

Type specimen: U. S. Nat. Mus. Helm. Coll. No. 44968. Pamtvpe: 44969. 

The present species is considered distinct from the other two species, 
Psendoneodiplostomum siamense (Poirier) and P. thomasi (DoIIfus),’ 
now assigned to the genus, due to its larger body size, the more pos- 
terior distribution of the vitellaria in the hindbody and the much larger 
acetabulum. More specifically, P. acetabulata can be separated from P. 
thomasi by its larger body size, the more elongated hindbody, the more 
posterior position of the gonads, the larger ventral sucker and the greater 
posterior extensmn of the vitellaria in the hindbody. From P. siamense 
the present species differs in regards to the larger body size, the much 
larger ventral sucker, the more posterior distribution of the vitellaria, the 
absence of large, flaring, finger-like papillae about the margin of the hold- 
fast and in the nature of the prostate. 

Subfamily Polycotylinae Monticelli, 1888 
Polycotyle ornata Willemoes-Suhm, 1870 
(Figs. 3-4) 

Specific diagnosis: Polycotyle. Small to medium-sized, bisegraented stri-eid 
fluke with slight dorsal curvature of posterior segment, 2.30 ±. 01 ®(1 81-3 12 ) mm 
m length Anterior segment 1 . 13 ±.006 ( 0 . 87 - 1 . 48 ) mm long by S 50 ±. o 63 (43^^ 

) p. wide in region of holdfast organ. Posterior segment 1.19 ±.008 (0.96-1.60) 
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ram in length, attached to posterio-dorsal margin of anterior segment, partly f>ver-* 
lapped by forebody. Oral sucker at anterior margin of body, approximately 35 
in diameter. Prepharynx short or absent. Pharynx same size or slightly smaller 
than oral sucker. Esophagus about three times as long as pharynx. Ceca slender 
tubes, curving around holdfast organ, reaching to near level of genital papilla. 
Ventral sucker transversely oval, 75 ±.004 (52-87) ii long by 103 ±.006 (87-130) u 
wide, situated 484 ±.02 (390-610) p behind anterior margin of body. Holdfast 
organ elongated elliptical, muscular, with about 12 to 15 sliort papillae bordering 
central cavity, 243±.02 (190-350) g long by 183±.01 (174-260) u wide, situated 
90 ±.01 (61-174) u behind acetabulum and 169 ±. 01 (130-240) ti in advance of 
caudal margin of forebody. Proteolytic gland conspicuous, median in position, dor- 
sal to caudal margin of holdfast organ. Nerve ring and lateral nerve trunks visible 
in anterior part of forebody. 

Ovary transversely oval, 98 ±.006 (87-130) g long by 126 ±.006 (100-150) u 
wide, located slightly to right of midline at caudal margin of forebody, from 43 to 
240 in front of testes. Shell gland immediately behind ovary and slightly more 
to right in position. Yolk reservoir large, to left of position of shell gland, imme- 
diately behind ovary. Oviduct short, giving rise to Laurer’s canal at about level 
of caudal boundary of ovary, forming obtype in space between ovary and testes. 
Uterus slightly convoluted, ascending to extreme anterior margin of hindbody be- 
fore descending to genital pore, with small sphincter muscle immediately in front 
of its union with the ejaculatory duct, containing up to 10 ova. Ova 87 to 96 p in 
length, Vitellaria follicular, confined to anterior segment, from level of acetabulum 
to caudal boundary of forebody, more concentrated in region of holdfast organ. 

Testes posterior to shell gland and yolk reservoir, in tandem or diagonal posi- 
tions ; anterior testis displaced slightly to right of midline and posterior one a little 
to left of midline, often with levels overlapping somewhat but not infrequently with 
posterior testis as much as 50 p behind anterior testis. Anterior testis transversely 
ovoid to triangular, 154 ±.01 (113-240) p. long by 205 ±.005 (174-220) p wide. 
Posterior testis of same shape as anterior, 146 ±.01 (113-191) p long by 201 ±.005 
(174-230) p wide, situated 776 ±.004 (620-940) p in advance of caudal margin of 
hindbody. Vasa efferentia arising from main body of their respective testis, ascend- 
ing to space between ovary and testes to form small seminal reservoir. Vas defer- 
ens descending from reservoir to space behind caudal testis, forming seminal vesicle. 
Seminal vesicle greatly convoluted, narrowing into ejaculatory duct which proceeds 
posteriorly alongside of prostate to discharge into uterus. Canal formed by fusion 
of uterus and ejaculatory duct short, discharging almost immediately into canal of 
prostate. Prostate muscular, elongated, approximately 450 p long by 52 p in great- 
est width, surrounded by rather large, evacuolated prostatic gland cells. Prostatic 
canal with corrugated, cuticular lining, joining with canal of uterus and ejaculatory 
duct to form hermaphroditic canal. Hermaphroditic canal short, opening to out- 
side at summit of tlie genital papilla into rather large, dorsal atrium. Posterior 
body segment with median, dorsal row of 17 to 19 suckers, beginning at level of 
ovary and terminating at atrium. Largest sucker in posterior position of row, 130 p 
in diameter; suckers diminish in size toward anterior end of row until smallest 
measures only 20 p in diameter. In sectioned material two small suckers may be 
observed between last two suckers in dorsal row. A single, large sucker, measur- 
ing 130 by 170 p, is placed in the atrium, immediately behind genital papilla. 

Host: Alligator mississipiensis (Daudin). 

Habitat: Small intestine. 

Locality: Silver Springs, Florida. 

Additional material: Tallahassee, Florida, and Midville, Georgia. 

The material collected by us is considered to be identical with that 
described by Willemoes-Suhm (1870), Poirier (1886), Dubois (1936) 
and others, although none of the specimens in the present collection are 
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as large as those considered by these writers. In practically every detail 
our matenal is smaller. Only one other significant difference is to be 
noted ; there are at least seventeen suckers in the median, dorsal row on 
the posterior segment of the body, whereas only fifteen suckers have been 
reported previously as constituting tliis row. In some of our specimens 
we have been able to count as many as twenty of these suckers in living 
rnatenal, although on fixation and mounting it is found that the density 
of the stain in the ovary and its complex renders the more anterior suckers 
more difficult to see. In one of the sectioned worms eighteen suckers are 
present while in another there are nineteen. In the sectioned specimens 
two very small suckers are demonstrated in the area between the last two 
suckers in the dorsal row. 


Crocodilicola pseudosfoma (Willemoes-Suhm, 1870) 

(Figs. 5-6) 

diagnosis: Crocodilicola. Small strigeid fluke with unsegmented bodv 
wi h body segmentation only feebly indicated in region of ovary where thin flat 

tofso mm kTeLThfo '"‘t' "'rf -f-haped posterior segment mlsurrig’l^O 
' • 1 entire body. Anterior segment rounded to slightly nointed 

blunt_ point at posterior end. Oral sucker 43 in diameter iS extreme 
anterior margin of forebody. Prepharynx short or absent Pha™x S T^n S 
Sr f Ceca slender tubes, reaching to nSr genhaf 

450 to SgJfbS'" 60 to 70 u long by 113 to 130 n wide, located 

c..d2’Si.‘TSbL‘"*‘6S‘‘ "" ’* '• “w 

to 370?wide SSte™’ 3oTsOulZi’ 6y 360 

hv iocatea JU to 50 ^ behind ovary; posterior testis 130 to 174 u Ion p- 

from Its posterior end, developing slightly muscular w^lltust betrelofe^^:! 
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static canal. Prostate ellipsoidal pouch with comparatively thick, muscular wall and 
large central cavity. Centra! cavity with corrugated, cuticular lining. Prostatic 
gland cells numerous, small, greatly compact in certain areas about prostate. The 
fused prostatic canal and ejaculatory duct joins uterus at end of prostate to form 
hermaphroditic canal. This canal is short and opens at summit of short genital 
papilla into small genital atrium. 

Host: Alligator mississipiensis (Daudin). 

Habitat: Small intestine. 

Locality: Silver Springs, Florida. 

Although only four mature specimens of this species were recovered 
from a single alligator, there can be but little doubt that we are dealing 
with Crocodilicola pseudostoma. Two of our mature specimens were 
used for sectioning and the other two were mounted in foto. Our speci- 
mens are somewhat smaller in total body size than reported in the litera- 
ture, but being unable to tell whether or not our specimens are fully 
matured (of about a dozen specimens collected all but four are considered 
as immature forms), we prefer to describe them as belonging to the spe- 
cies to which they are assigned. In so far as we can determine our speci- 
mens depart from the typical form as described by Dubois (1936b) only 
in regards to the more transversely oval testes and in the fusion of the 
ejaculatory duct with the prostatic canal instead of with the uterus. 

Pseiidocrocodilicola n. g. 

Generic diagnosis: Polycotylinae. Small, bisegmented strigeid flukes with 
lanceolate anterior segment which is longer than the elongated cylindrical posterior 
segment. Acetabulum in middle or in advance of middle of anterior segment. Hold- 
fast organ in anterior limit of last third of anterior segment, with 10 to 12 papillae 
bordering central cavity. Proteolytic gland present. Vitellaria follicular, confined 
to anterior segment. Gonads in tandem, in posterior segment ; ovary in advance of 
testes, separated from testes by small seminal reservoir. Shell gland and yolk 
reservoir between testes. Laurer’s canal present. Uterus ascending to anterior 
limit of posterior segment, descending to genital pore, containing relatively few ova. 
Seminal vesicle large, between testes and prostate. Ejaculatory duct discharging 
into prostatic canal. Prostate small, muscular, ellipsoidal in shape, surrounded by 
relatively few but large gland cells. Uterus and prostatic canal unite to form 
hermaphroditic canal. Hermaphroditic canal surrounded by a secondary pouch of 
muscle or a parenchyma of spongy-like tissue containing muscle fibers, dilated into 
genital cloaca, discharging into small, almost negligible atrium. 

Type species: Pseudocrocodilicola americaniense n. sp. 

Additional species: Pseudocrocodilicola georgiana n, sp. 

Pseudocrocodilicola americaniense n. sp. 

(Figs. 7-8) 

Specific diagnosis: Pseudocrocodilicola. Small, lancet-shaped strigeid fluke 
with bisegmented body, 3.14 ±.03 (2.88-3.60) mm in total length. Anterior seg- 
ment very thin and flat anteriorly, almost parallel sides, slightly overlapping pos- 
terior segment ventrally, 2.30 ±.02 (2.17-2.44) mm long by 480 ±.01 (430-520) p 
wide. Posterior segment cylindrical, attached to posterio-dorsal surface of forebody, 
0.95 ±.005 (0.83-1.24) mm long by 250 ±.01 (220-270) p wide. Oral sucker 44 to 
52 p in diameter. Prepharynx short or absent. Pharynx 44 to 61 p in diameter. 
Esophagus 130 to 174 p long, Ceca slender tubes, reaching to level of prostate in 
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posterior segment. Acetabulum weakly muscular, 100 p. in diametei*, located 
2. 00 ±.004 (0.80-1.20) mm behind anterior margin of forebody. Holdfast organ 
elliptical, muscular, with about 12 papillae bordering central cavity, 340 ±.007 
(310-370) 3 Lt long by. 210 ±.003 (190-220) ii wide, located 480 ±.003 (310-700) }i 
behind ventral sucker and 340 ±.01 (290-400) ^ in advance of caudal margin of 
forebody. Proteolytic gland small but well developed, dorsal to caudal margin of 
holdfast organ. Nerve ring and lateral nerve trunks visible in forebody to level 
of vitellaria. 

Ovary 87 to 96 ii in diameter, to left of midline in anterior part of liindbody. 
Oviduct descending dorsally to anterior testis, giving rise to ootype in intertesticular 
space. Laurer's canal present Shell gland and yolk reservoir between testes. 
Uterus ascending to anterior extremity of liindbody before descending in ventral 
aspect of liindbody to genital pore, containing up to 16 ova. Ova 97 to 104 p long 
by 52 to 70 wide. Vitellaria follicular, in forebody from caudal boundary of 
forebody to or just behind acetabulum. 

Testes small, transversely oval, one behind other in anterior two-thirds of 
liindbody. Anterior testis 180 ±.004 (160-220) jii long by 220 ±.008 (190-224) p. 
wide, separated from ovary by small seminal reservoir. Posterior testis 190 ± .01 
(180-220) p long by 210 ±.006 (170-230) p wide, from 50 to 100 p behind an- 
terior testis. Vasa efferentia arising from opposite sides of their respective testis, 
passing forward to form small seminal reservoir in space immediately behind ovary. 
Vas deferens descending from reservoir, gradually increasing in width in descending 
to seminal vesicle. Seminal vesicle S-shaped, in space behind caudal testis, con- 
stricting into ejaculatory duct. Ejaculatory duct passing from left to right side 
of body, then turning rather sharply inward to join prostatic canal just caudal to 
middle of prostate. Prostate small, muscular, ellipsoidal pouch, 200 to 300 p long 
by 100 to 150 p in greatest width, surrounded by numerous rather large and scat- 
tered gland cells. Atrium small. Genital papilla slight elevation into atrium. 
Genital pore at summit of papilla, passing inward as hermaphroditic canal. Her- 
maphroditic canal surrounded by muscular pouch that continues along uterus for 
short distance, becoming dilated at point of union of uterus with prostatic canal 
Musculature of prostate penetrates secondary pouch to form a prostatic papilla in 
dilated part of hermaphroditic canal. 

Host: Alligator mississipiensis (Daudin). 

Small intestine. 

Aoru/iify.* Midville, Georgia. 

Type specimen: U. S. Nat Mus. Helm. Coll No. 44970. Paratypc: 44971, 
Pseudocrocodilicola georgiana n. sp. 

(Figs, 9-10) 

Specific diagnosis: Pseudocrocodilicola. Small lancet-shaped, bisegmented 
strigeid fluke, 1.58 ±.004 (1.44-1.77) mm in total length. Anterior segment thin 
and hat anteriorly, widest in region of holdfast, slightly overlapping anterior part 
of hindbody, 1.08 ±.004 (0.96-1.22) mm long by 300 ±.003 (280-310) p in greatest 
width. Posterior segment cylindrical, attached to posterio-dorsal surface of anterior 
segment, 610 ±.003 (460-810) p long by 160 ±.01 (160-170) p wide. Oral sucker 
35 to 43 p in diameter. Prepharynx short or absent. Pharynx same size as oral 
sucker. Esophagus 70 to 130 p long. Ceca narrow tubes, extending to middle of 
prostate in posterior segment. Acetabulum weakly muscular, 61 p in diameter, 
520 ±.002 (440-570) p behind anterior margin of forebody. Holdfast organ ellip- 
tical, muscular, with about 12 papillae bordering central cavity, 146 ± .03 (130-160) p 
long by 96 to 100 p wide, located 162 ±.005 (130-180) p behind acetabulum and 
188 ±.04 (170-260) p in advance of caudal margin of forebody. Proteolytic gland 
small, dorsal to caudal margin of holdfast organ. 

Ovary in anterior part of hindbody, slightly to right of midline, 70 ±,02 
(61-80) p in diameter. Oviduct arising from middle of ovary, descending dorsally 
to anterior testis, giving rise to ootype in space between testes, Laurer’s canal 
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present. Shell gland and yolk reservoir intertesticular. Uterus ascending to an- 
terior limit of hindbody, descending in ventral aspect of body to genital pore, con- 
taining up to 11 ova. Gva 70 to 96 p. in length. Vitellaria follicular, confined 
to forebody, from caudal margin of forebody to level 87 to 174 p in advance of 
acetabulum. 

Testes in tandem, in anterior three-fifths of hindbody; anterior testis 125 + .004 
(113--140) ju, long by 138 ±.02 (130— 150) |x wide, abutting ovary or up to 60 p. 
behind that organ; posterior testis separated from anterior testis bv shell gland 
and yolk reservoii% 142 ±.01 (130-150) p, long by 147 + .003 (130-165) p wide, lo- 
cated 224 + .01 (1/4-320) p from caudal boundary of hindbody. Vasa efferentia 
uniting in area between ovary and testes, forming small seminal reservoir from 
which vas deferens arises. Vas deferens descending alongside uterus to area imme- 
diately behind testes, forming seminal vesicle. Ejaculatory duct emerging from 
seminal vesicle to join prostatic canal at anterior end of prostate, entering prostate 
from anterio-ventral aspect. Prostate muscular, ellipsoidal in shape, about 100 p 
long, surrounded by relatively few, scattered gland cells. Genital atrium small, with 
only slight indication of genital papilla. Hermaphroditic canal rather long, greatly 
dilated, surrounded by parenchyma of spongy-like tissue containing muscle fibers 
(the secondary pouch), passing inward through secondary pouch from summit of 
papilla to end of prostate, receiving both the uterus and prostatic canal at that point. 
Musculature of prostate penetrates secondary pouch. 

Host: Alligator niississipiensis (Daudin). 

Habitat: Small intestine. 

Locality: Midville, Georgia. 

Type specimen: U. S. Nat. Mus. Helm. Coll. No. 44972. Paratype: 44973. 

Pseudocrocodilicola georgiana is very similar to P. americaniense but 
differs from that species in regards to several important details. It is con- 
siderably smaller of body size than P, americaniense. At first this differ- 
ence was not considered as important since a goodly number of young 
adults and immature specimens of the larger species was found in which 
the body size was identical with that of the more mature specimens of P, 
georgiana. Regardless of body size the relative position of the acetabulum 
and vitellaria remained constant in each species. In P. americaniense th.t 
vitellaria extends only to the acetabulum while in P. georgiana these glands 
may extend as far as midway between the acetabulum and the anterior 
inargin of the forebody * they never terminate at or behind the acetabulum. 
It is true that in the larger species the acetabulum may be as much as three 
times as far away from the holdfast organ as is the case in P. georgiana^ 
and this may account for the difference noted in the forward distribution 
I of the vitellaria in the smaller species. However, here again is a constant 

I difference in the specimens of the two species regardless of body size. The 

I’ only other noteworthy difference between the two species has to do with 

the terminal parts of the genital ducts. In P. georgiana the ejaculatory 
I duct fuses with the prostatic canal at its anterior end ; the duct penetrates 

' the prostate at its anterio-ventral margin. On the other hand, the ejacu- 

latory duct in P. americaniense penetrates the prostate and fuses with the 
prostatic canal posterior to the middle of the prostate. 

The genus Pseudocrocodilicola is considered to be more closely related 
to the genus Crocodilicola than to the other genera of the subfamily Poly- 

I 
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COTYLIXAE ])ecaiise of the general appearance of the body and its internal 
organization. However, it is considered to be distinct from that genus 
because of the more distinct bisegmentation of the body, the more forward 
position of the holdfast organ, the more cylindrical posterior body segment 
and the nature of the prostate and associated ducts. Dubois (1936b) 
described the ejaculatory duct in Crocodilicola as entering the uterus 
rather than the prostatic canal. The duct so formed by these two organs 
fused with the prostatic canal before they opened into a rather large genital 
atrium. In our material, identified as C. pseudostoma, however, this is 
not the case, for certainly the ejaculatory duct fuses with the prostatic 
canal and then this canal is joined by the uterus to form the hermaphro- 
ditic canal. Accordingly, no structure comparable with the secondary 
pouch has been observed in Crocodilicola. Such a pouch has developed to 
very conspicuous proportions in Pseudocrocodilicola. In regards to the 
secondary pouch, we have been unable to find reference to any structure 
that may be interpreted as being a counterpart of this structure. A cirrus 
pouch has been described for the species FI eterodiplostomum lanceolatum 
by Dubois (1936b), and this bears some resemblance to the secondary 
pouch of the present genus. In this species, how^ever, the ejaculatory duct 
does not unite with the prostatic canal as in PseudocrocodUicola, but fuses 
with the uterus. The hermaphroditic canal so formed discharges into the 
atrium at the base of the genital papilla while the prostatic canal ramifies 
the cirrus pouch before opening into the atrium at the summit of the 
papilla. These two genera further differ in that the vitellaria are dis- 
tributed into both segments of the body in H eterodiplostonnim. 

DISCUSSION 

For the strigeid flukes parasitic in the Reptilia, Dubois (1936a) pro- 
posed the family Proterodiplostomidae. Due primarily to differences 
noted in the size and shape of the holdfast organ (tribocytic oi'gan), the 
presence or absence of papillae bordering the cavity of the holdfast organ 
and differences in the distribution of the vitellaria, Dubois recognized two 
supersubfamilies and three subfamilies in the family group. In the first 
supersubfamily, Proterodiplostomidi, only those species were included 
in which the holdfast organ was small to medium-sized and which bore 
papillae on the margin of its cavity. The supersubfamily was divided 
into the subfamilies Proterodiplostominae Dubois, 1936, in which the 
vitellaria were distributed to both segments of the body, and Polycot y- 
LiNAE Monticelli, 1888, in which the vitellaria were confined to the ante- 
rior segment of the body. The subfamily Ophiodiplostominae Dubois, 
1936, in which the holdfast organ is massive and often greatly elongated, 
and is devoid of papillae, constituted the only subfamily in the super- 
subfamily Ophiodiplostomidi. 
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The same year Dubois (1936b) diagnosed the family Proterodiplo- 
STOMIDAE to include those strigeid flukes parasitic in reptiles in which 
the anterior body segment was flat and foliiforni, the testes were spherical 
or ovoid and a prostate, located dorsally to the ejaculatory duct, was 
present. In the family proper, as now outlined, nine genera were included 
as follows: 1. Proterodiplostonmm Dubois, 1936, 2. Mesodiplostomiim 
Dubois, 1936, 3. Prolecithodiplostomum Dubois, 1936, 4. Cystodiplosto- 
mum Dubois, 1936, 5. Herpetodiplostonmm Dubois, 1936, 6. Paradiplo- 
stomum La Rue, 1926, 7. Ophiodiplostonmm Dubois, 1936, 8. Petalo- 
diplostomiim Dubois, 1936, and 9. Heterodiplostomum Dubois, 1936. 
To these nine genera were assigned twelve species, of which all but three 
were considered as new. In the ‘"addenda” of the family was placed the 
genera Polycotyle Willemoes-Suhm, 1870, Crocodilicola Poche, 1925, 
Proalarioides Yamaguti, 1933, and Pseudoneodiplostomum Dubois, 1936, 
These four genera contained five species. In addition to these genera 
and species, six inadequately described species were placed in the “species 
inquirendae.” 

Later the same author (1938b) diagnosed the family Proterodiplo- 
STOMIDAE to include those diplostome parasites of reptiles that are char- 
acterized by the presence of a paraprostate, located dorsally to the ejacula- 
tory canal, the efferent canal of which constitutes a third genital canal 
(exceptions: 'Mesodiplostomum gladiohim Dubois, 1936, and Proalari- 
oides serpentis Yamaguti, 1933), and having testes that are spherical 
or ovoid but never lobed. In the three already mentioned subfamilies 
the following genera were assigned: 1. Proterodiplostommn, 2. Meso- 
diplostomum and 3. Pseudoneodiplostomum to the subfamily Protero- 
niPLOSTOMiNAE ; 1. Polycotyle, 2, Crocodilicola, 3. Proalarioides, 4. 
Cystodiplostomum, S. Herpetodiplostomum, 6. Paradiplostomum and 
7. Prolecithodiplostomum to the subfamily Polycotylinae ; and 1. 
Ophio diplostomum, 2, Heterodiplostomum and 3. Petalo diplostomum to 
the subfamily Ophiodiplostominae. The species inquirendae remained 
about as previously outlined. 

To this fairly homogeneous group of strigeid flukes from the Reptilia 
the present paper adds Pseudoneodiplostomum acetabulata n. sp., assigned 
to the subfamily Proterodiplostominae, and Pseudocrocodilicola amerL 
caniense n. g., n. sp. and P. georgiana n. sp,, assigned to the subfamily 
Polycotylinae. 

Any real attempt to evaluate the more than usual elaborate system of 
classification as proposed by Dubois (1936a, 1936b, 1938b) for the 
strigeid trematodes does not seem necessary at this time. We are more 
particularly concerned with those forms reported from the Reptilia, and 
since all of our material came from a single host species, Alligator missis- 
sipiensis, we do not feel justified in expressing an opinion concerning the 
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imiltitude of genera proposed for the relatively small number of species 
from these hosts. It does seem logical, however, to place this rather 
homogeneous assemblage of parasites in a single family as Dubois already 
has done. With but two possible exceptions among the more adequately 
described species all members of the family group possess a common char- 
acter in the presence of the prostate gland, a structure not to be found 
elsewhere among the multitude of genera and species of strigeid trema- 
todes. 

In general the topography of the genital ducts in the vicinity of the 
genital atrium is rather simple. The ventrally located uterus descends 
to the atrium as a thin walled, slightly modified or unmodified tube, and 
usually opens into the atrium at the base of a more or less conical papilla. 
The ejaculatory duct descends, just dorsal to the uterus, from the seminal 
vesicle to near the atrium where it usually discharges into the uterus, thus 
forming a hermaphroditic duct. The prostate normally descends into 
the genital papilla and opens into the atrium at the summit of the papilla. 
This simple arrangement of the genital ducts is sometimes greatly modi- 
fied, and is always difficult to trace in whole mounts. 

In the genus Polycotyle (Fig. 1, E) the uterus develops a small, 
though well outlined sphincter muscle before it is joined by the ejacula- 
tory duct. The duct created by the fusion of these two ducts traverses 
only a short part of the genital papilla before fusing with the prostatic 
canal ; the new duct penetrates the genital papilla to open into the atrium 
at its summit. In this genus, therefore, a slight change in the association 
of the genital ducts has been effected : the uterus no longer opens at the 
base of the papilla but joins the prostatic canal before discharging into 
the atrium. 

As already pointed out, the association of the genital ducts in the 
material identified as Crocodilicola pseudostoma by us differs from that 
described by other w’orkers for the same species. We find that the 
ejaculatory duct (Fig. 1, F) no longer discharges into the uterus but has 
become associated with the prostatic canal as is the case with the members 
of the genus Pseudoneodiplostomum, The uterus does unite with the 

Fig. 1. Schematic representation of a probable evolutionary line of development 
of the prostate gland in the family Proterodiplostomidae of the strigeid flukes. 
The type of development of the prostate together with its association with the other 
‘ducts of the genital tract may indicate the function of the organ. A-Mcsodip- 
lostomum; B^Paradiplostomumj, Herpetodiplostomum, etc.; C & D-Prolecithodip- 
lostomum, Cystodiplosfomum, 0 phiodiplostomum (?), etc.; E = Polycotyle ormta; 
F & R' = Crocodilicola; G- Psendoneodiplostomum acetabulata; H- Pseudocroco- 
.dilicola americaniense ; 1=^ Pseudo crocodilicola georgiana; J -Pseudoneodiplosto- 
mum thomasi; ¥L~Pseudo7ieodiplosiomuni siamense; 'L~Proterodiplostomum: 
M = Heterodiplostomum; and O -Pharyngosfomum cordatum. Pharyngostomum 
cordafum is included in the schematic diagram solely because of the evolutionary 
.significance of its atrial recess. 
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prostatic canal and both discharge into the atrium through a common 
opening. It might be noted that the ejaculatoiy duct in the species 
Pseiidoneodiplostomtim siamense (Poirier, 1886) (Fig. 1, K) is sur- 
rounded by a mass of prostatic gland cells, the prostate being absent or 
only weakly developed. It will be remembered, the new species, P- acetab- 
ulata (Fig. 1, G), differs from the other two members of the genus 
Pseiidoneodiplostomum, P. fhomasi (Dollfus, 1935) (Fig. 1, J) and P. 
siamense (Poirier, 1886), in that the uterus joins the prostatic canal in- 
stead of opening separately from the prostatic canal as is the case with 
the other two species. 

In the species Pseudocrocodilicola americaniense (Fig. 1, H) the 
ejaculatory duct joins the prostatic canal at about the middle of the 
prostate. The canal so formed discharges into the dilated part of the 
cavity of the secondary pouch, just dorsal to the opening of the uterus. 
In this species the proximal end of the uterus shows a modification of 
its wall in that the spongy-like tissue, mixed with muscle fibers, of the 
secondary pouch forms a short continuation of its tissue, and this sur- 
rounds the wall of the uterus. However, there is evidently no such con- 
tinuation of the secondary pouch in the make up of the uterine wall in the 
area of the pouch in F. georgiana (Fig. 1, I). In this species, however, 
the ejaculatory duct joins with the prostatic canal at its extreme anterior 
end and both the uterus and prostate penetrate the wall of the secondary 
pouch to discharge simultaneously into the dilated portion of the cavity 
of the secondary pouch. A probable significance of the secondary pouch 
will be discussed later. 

It is our opinion that the prostate gland is a definite, recognized fea- 
ture of the anatomy within the family Proterodiplostomidae. Its 
nature and presence was suggested by Willemoes-Suhm (1870), Poirier 
(1886) and othei-s but its true anatomy and possible significance perhaps 
was first indicated by Brandes (1890). Of the later workers, Dubois 
(1936b, 1938b) has done much to elucidate the details concerning the 
anatomy and relative connections of the prostate with the other genital 
ducts. As yet, however, the exact nature and function of the gland is 
more a matter of conjecture than an established fact. 

Perhaps La Rue (1926a) came nearer to recognizing the way in which 
the prostate originated than had been previously indicated. In discussing 
\ht 2 in 2 iXomy oiPharyngostomum cordatum {Ditsmgy 1850) (Fig. 1, O), 
this writer made this statement: ‘'A slender recess (Fig. 5) extends from 
the genital atrium nea:rly to the seminal vesicle. A similarly situated 
structure is figured by Brandes (1890) in Diplostomum ahhreviatmn 
and in certain other forms, and by him is called the prostate gland. In 
the present species there is no indication of gland cells about this structure 
but there are well developed muscle fibers. I suspect that the prostate 
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described and figured by Brandes is not a prostate at all but a cavity of 
an eversible portion of the genital papilla/’ Whether or not an eversible 
portion of the genital cone has been demonstrated is more a matter of per- 
sonal interpretation, although the existence of such a structure is highly 
probable. To us the prostate, as portrayed in this group of the strigeid 
flukes, undoubtedly represents a structure “on the way in” or one that 
is “on the way out.” From an evolutionary point of view it does not 
matter which of the two alternatives one selects for argumentation. The 
slender recess of the genital atrium in Pharyngostomum cordatum un- 
doubtedly represents simply a part of the genital atrium as is evidenced 
by the fact that its cavity is in open communication with the bursal portion 
of the atrium, and by the fact that the cavity is surrounded by a more or 
less dense mass of muscle fibers : such muscle fiber masses are present in 
tissue forming the bursa of all strigeid flukes known to us. However, 
the position of the recess, its length and its relation to the genital ducts 
vv’'Ould indicate its evolutionary significance. Should one be disposed to 
take the stand that the prostate is “on the way in,” such a recess easily 
might represent the primordium of the gland. On the other hand, it 
might represent the vestigial remains of a prostate “on the way out.” 
Certainly some such invagination as this recess formed at least the ter- 
minal part of the prostate. The cuticular lining of the central cavity of 
the gland would indicate such an origin. 

Perhaps the invaginated recess of the prostate reaches its highest 
degree of specialization in the genus Polycotyle, Here the gland-like 
organ of the prostate (Fig. 1, E) has developed into an elongated, tubular 
structure with a heavy muscular wall and is surrounded by numerous, 
unicellular gland cells. These are rather large cells (PI. II, Fig. 4) that 
show conspicuous nuclei and evacuolated cytoplasm. Each of the gland 
cells gives rise to a very fine duct that penetrates the musculature of the 
prostate to open into its lumen. The cells are more concentrated about 
the tipper two-thirds of the prostate. The cavity of the gland is lined with 
a cuticular-like substance that becomes ridged to give it a corrugated 
appearance. It might be pointed out that the invagination of the prostate 
may become more extensively developed than is the case with the genus 
Polycotyle. In the genera Prolecithodiplostomum and Cystodiplosto- 
mum (Fig. 1, C & D) the prostate develops into a much elongated tubule 
and may extend forward as far as the caudal testis. However, in these 
genera the prostate appears to be a simple tube that does not reach the 
degree of specialization noted for the organ in Polycotyle. Such a degree 
of specialization is not attained in any of the other genera of the family 
with the possible exceptions to be found in the genera Pseudocrocodilicola 
and Crocodilicola. In the latter genus the cells about the prostate are 
much smaller and much less numerous, while in the former genus these 
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gland cells appear to be more like vitelline glands in comparison to the 
type of cell to be found in Polycotylc. The prostatic gland cells in the 
genus Pseudocrocodilicola appear to be filled with dark-staining granules 
and are more thinly dispersed in the parenchyma about the prostate and 
other genital ducts in the area. 

As already suggested the prostate probably represents an invaginated 
^idcrt of the atrium. However, if the prostate, as it is recognized at the 
present time, is in any way comparable with any part of the cirrus pouch 
of the distomes, it is only feebly indicated in this group of the strigeids. 
The muscular nature of the organ, as well as its communicating gland 
cells, when these are present, would suggest that it is an accessory piece 
in the genital complex, and that it undoubtedly serves some ejaculatory 
or storage function. The ejaculatory function is made manifest when 
we consider those species in which the ejaculatory duct penetrates the 
musculature of the prostate to discharge into its cavity. Such an associa- 
tion is best exemplified in the species Pseudoneodiplostomum thomasi 
(Dollfus), P. siamense (Poirier), P. acetabidata n. sp., Pseudoa'OcodUT 
cola ainericanmise n. sp. and P. geoj'giana n. sp. Should the condition 
described for the prostate and ejaculatory duct in Pseud on eodiplostomtirn 
sianiensc (Fig. 1, K) be established as correct, no other interpretation 
can be made but that the weakly muscular prostate with its numerous 
gland cells serves the ejaculatory duct in performing the function of dis- 
charging the male gametes. In this species the prostate is reduced to 
practically a mass of gland cells that surrounds the ejaculatory duct. In 
the species Pseudocrocodilicola georgiana, although the prostate is highly 
muscular but supplied with relatively few gland cells, the ejaculatory duct 
(Fig. 1,1) enters the prostatic canal at its anterior extremity. The sper- 
matozoa, therefore, are discharged into the prostatic canal and must reach 
the outside only after traversing the entire length of the prostatic canal. 
In this species the prostatic canal and prostate frequently are seen to be 
greatly dilated and filled with male gametes, thus indicating that the pros- 
tate at least serves as a temporary storage space for the semen prior to 
ejaculation. Likewise, it is our observation that the prostatic canal in the 
other species already mentioned often become distended with spermatozoa. 
In these cases the musculature of the prostate must in some way serve as a 
pars prostatica in the expulsion of the male germ cells. We might add 
that the prostatic canal of Polycotylc ornata was not observed to contain 
spermatozoa but was filled with a fluid that had been coagulated by the 
fixing agent. In this species it will be remembered that the ejaculatory 
duct joined the uterus rather than the prostatic canal. 

Perhaps the more primitive type of arrangement of the terminal por- 
tions of the genital ducts and their association with the prostate gland is 
best exemplified in the species Paradiplostomum abbreviatum. Here we 
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find a very small prostate (Fig. 1, B) that is confined to the genital 
papilla and bearing but very few gland cells. The prostate opens into the 
atrium at the summit of the papilla, while the ejaculatory duct fuses with 
the uterus and these two ducts discharge together into the atrium some 
distance from the opening of the prostate. It is quite likely tliat the more 
pi'imitive condition would exclude the prostate entirely, as in Mesodiplo- 
stonnim gladiolum Dubois (Fig. 1, A). 

From the type of association as found in Paradiplostoumm abbre- 
viatum we are of the opinion that a dual migration of the uterus and 
ejaculatory duct has taken place. Along one line the uterus and ejacu- 
latory duct have migrated together so that the short hermaphroditic canal 
formed by the fusion of these two ducts no longer opens directly into the 
atrium but fuses with the prostatic canal. Such a migration as this can 
be illusti*ated in Polycotyle ornafa (Fig. 1, E) wherein the ejaculatory 
duct and uterus fuse into the formation of the hermaphroditic canal, and 
this in turn fuses with the prostatic canal. In this species only a single 
opening serves all of the genital ducts as well as the prostate. In pursuing 
this line further, the association found in the species Pseudoneodiplo- 
stomum acetabiilata (Fig. 1, G) and P. thomasi (Fig. 1, J) presents 
evidence of a shift in the connection of the ejaculatory duct with the uterus 
to one in which that duct migrates across and becomes fused with the pro- 
static canal. This type of migration is perhaps perfected in Pseiidojteo- 
diplostonmm siamense (Fig. 1, K) in which the ejaculatory duct pene- 
trates the entire length of the reduced prostate. It is to be pointed out 
that the uterus in Pseud one odiplostomum thomasi and P. siamense opens 
into the atrium independently of the prostatic canal. This may mean a 
lagging behind in the migration of the uterus or a backward shift. 

The condition found in the genus Pseudocrocodilicola probably repre- 
sents the full development in the shifting of the uterus and ejaculatory 
duct from an independent position to one of association with the prostate. 
In this genus the hermaphroditic canal has developed its musculature 
into what we have called a secondary pouch, and has become somewhat 
dilated into the formation of a genital cloaca. Very likely this develop- 
ment has taken place at the expense of the genital atrium for this forma- 
tion is greatly reduced in the genus. Into the dilated cavity of the 
secondary pouch both the uterus and prostatic canal discharge. The 
ejaculatory duct in P. americaniense (Fig. 1, H) fuses with the prostatic 
canal at about the middle of the prostate, thus putting the prostate in line 
for a pars prostatic function. In the species P. georgiana (Fig. 1, 1) such 
a function for the prostate is made more possible since the ejaculatory 
duct discharges into the prostatic canal at its anterior extremity. 

Concerning the secondary pouch in the genus Pseudocrocodilicola, 
there appears to be no structure so far described among the strigeids that 
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is in any way compai'able to it. In describing the species Heterodiplo- 
stoumm lanceolatimi, Dubois (1936b) described a cirrus pouch. The 
prostate is small but penetrates the cirrus pouch at its anterior end, and 
the prostatic canal ramifies the pouch before opening to the outside at the 
summit of the genital papilla. The association of the ejaculatory duct 
is with the uterus rather than with the prostatic canal, and these two ducts 
open into the atrium independently of the prostate. The association of 
the genital ducts and the presence of an eversible cirrus, an organ not 
observed in any of our material, in this species (Fig. 1, M) completely 
separates it from the material studied by us. 

With the possible exception of the members of the subfamily Poly- 
COTYLINAE and the genus Proterodiplostomum all of the species described 
or studied by Dubois (1936b) exhibited an ejaculatory duct that joined 
the uterus to form a short hermaphroditic canal. This canal discharged 
into the genital atrium independently of the prostate. Likewise all of 
the species described by Dubois possessed a prostate with but one excep- 
tion. The species Mesodiplostonmm gladiohim (Fig. 1, A) is completely 
devoid of any structure that may be comparable with the prostate. The 
exact association of the genital ducts or the nature of the prostate, if such 
a structure exists, is not known for the species Proalarioides serpentis 
Yamaguti, 1933. 

There is but little evidence pointing to the second line of evolution in 
this group of the strigeids. This line takes the direction of separating the 
uterus from the male genital duct and the prostate. In this group, repre- 
sented by the Proterodiplostomum (Fig. 1, L), the uterus, ejaculatory 
duct and prostate may open separately into the atrium or the uterus opens 
into the atrium at the base of the genital papilla while the ejaculatory 
duct and prostatic canal open together at the summit of the papilla. As a 
matter of fact, this condition may represent an intermediate position 
between the pattern in Paradiplostomiim ahbreviatum and that displayed 
by Pseudocroc odilicola georgiana. 

SUMMARY 

The detailed anatomy is described for Polycotyle ornata Willemoes- 
Suhm, 1870, Crocodilicola pseudostoma (Willemoes-Suhm, 1870), 
Pseudoneodiplostomum acetabulata n. sp., Pseudocrocodilicola amerU 
caniense n. sp. and P. georgiana n. sp. The last three named species are 
considered and described as new to science. All of the material consid- 
ered by us came from the small intestine of the alligator. Alligator missis- 
si piensis (Ddiudm). 

The genus Pseudocrocodilicola is proposed as new. It is placed in the 
subfamily PoLYCOTYLiNAE Monticelli, 1888. 

The evolution of the terminal portions of the genital ducts and the 
development of the prostate gland in the family Proterodiplostomidae, 
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strigeid parasites of reptiles, is discussed with the view of throwing some 
light on the origin and fiinctiGn of the prostate gland. 
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Explanation of Plates 

Except for certain details of the terminal parts of the genital ducts all illustra- 
tions of the entire worm were made with the aid of the camera lucida. All illus- 
trations of the posterior segment of the body are reconstructions made from serial 
sections. 

Abbreviations Used 


A — ^atrium 
AS — atrial sucker 
C — cecum 
DS — dorsal sucker 
EJ — ejaculatory duct 
EP — excretory pore 
GP — genital papilla 
HD — hermaphroditic canal 
LC— Laureris canal 
M— metraterm 

MEJ — muscular portion of ejaculatory 
; duct'. 

O — ovary , ■ . ■ 

OV — ova 
P — prostate 


PC — prostatic gland cells 
SG — shell gland 
SM — sphincter muscle of uterus 
SP— secondary pouch 
SR — seminal reservoir 
SV — seminal vesicle 
Ti— anterior testis 
Ts — posterior testis 
UT— uterus 
YD — vas deferens 

VEi— vas efferentia of anterior testis 
VEs — vas efferentia of posterior testis 
VIT — vitellaria 
YD — yolk duct 
YR — ^yolk reservoir 
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Plate I 

Fig. 1. Pseudoneodiplostomimi acetahiilata n. sp., showing general contour of 
the body, the position of the various internal organs and the associations of the geni- 
tal ducts with the prostate. Ventral view. 

Fig. 2. Psetidoneodiplostomum acetabalata n. sp., showing reconstructed ar- 
rangement of the genital organs in the posterior segment of the body. The extreme 
posterior end of the body is made more detailed in order to show the associations of 
the genital ducts with the prostate, the length of the ceca. the metraterm and the 
posterior distribution of the vitellaria. Diagrammatic. Greatly enlarged. Lateral 
view- 


Plate II 

Fig. 3. Polycotyle ornata Willemoes-Suhm, 1870, showing general contour of 
the body, the position of the internal structures and the dorsal row of suckers. 
Anterior segment in ventral view. Posterior segment in lateral view. 

Fig. 4. Polycotyle ornata Willemoes-Suhm, 1870, showing reconstructed ar- 
rangement of the genital organs and the associations of the genital ducts with the 
prostate. The posterior end of the body is shown in some detail so that the prostate, 
the prostatic gland cells, the sphincter muscle of the uterus, the union of the ejacu- 
latory duct with the uterus, the atrial sucker, the termination of the cecum and the 
last two suckers of the dorsal row with the two very small suckers in between them 
could be made more clear. Diagrammatic. Greatly enlarged. Lateral view. 

Plate III 

Fig. 5. Croc odilicola pseudostoma (Willemoes-Suhm, 1870), showing details 
of the body and the arrangement of the genital organs. Ventral view. 

Fig. 6. Crocodilicola pseudostoma (Willemoes-Suhm, 1870) showing recon- 
structed view of the organs in the posterior half of the body. Note the size and 
shape of the prostate, the arrangement of the prostatic gland cells, the muscular 
wall of the ejaculatory duct and its connection with the prostate, and the muscular 
sphincter at the end of the uterus. Diagrammatic. Greatly enlarged. Ventral 
view. 

Plate IV 

Fig. 7. Pseudo croc odilicola americaniense n. g., n. sp., view of entire worm 
showing general contour of the body and the arrangement of the various internal 
organs. Ventral view. 

Fig. 8. Pseudocrocodilicola americaniense n. g., ii. sp., reconstruction of genital 
organs in posterior segment of the body. The extreme posterior margin of the 
body is represented more in detail in order to show the small atrium, the secondary 
pouch, the continuation of the pouch along the proximal part of the uterus, the 
prostate and its connection with the ejacplatory duct, the prostatic gland cells and 
the termination of the ceca. Diagrammatic. Greatly enlarged. Ventral view. 

Plate V 

Fig. 9. Pseudocrocodilicola georgiana n. g,, n. sp., view of entire worm show- 
ing general contour of the body and the arrangement of the internal anatomy. Dor- 
sal view. 

Fig. 10. Pseudocrocodilicola georgiana n. g., n. sp.. reconstruction of organiza- 
tion in the posterior segment of the body. Compare the anatomy of this species 
with that of P, americaniense. Diagrammatic. Greatly enlarged. Ventral view. 
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AN EXPERIMENTAL TEST OF THE LIFE CYCLE 
DESCRIBED FOR COTYLURUS COMMUNIS 
(HUGHES)* 

Louis Olivier and W. W. Cort 

On the basis of experiments conducted in 1926 and 1927, Van 
Haitsma (1930) presented a description of the life cycle of a strigeid 
trematode designated by him as Cotyluriis michiganensis. Later, La 
Rue (1932) pointed out that the correct name for the species is Cotylurus 
comnmnis (Hughes, 1928). Van Haitsma demonstrated by feeding 
experiments that strigeid metacercariae identified as Tetracotyle com- 
munis Hughes found on and about the hearts of common suckers, Cala- 
stomus commersonnii (Lacepede), became adults of C. communis in the 
bursa Fabricii of the herring gull, Lams argentatus (Pont.). He then 
collected eggs from the bursae of the experimentally infected gulls and 
allowed them to embryonate. Seven species of snails were exposed to 
the miracidia which developed. One of the snails, a specimen of 
Lymnaea emarginata angulata Sowerby (= Stagnicola emarginata angu- 
lata), produced large numbers of strigeid cercariae forty days later. 
This snail had been collected from Douglas Lake and kept in the labora- 
tory three weeks before it was exposed to the miracidia. The intestine 
of the gull, from which the eggs used in this particular experiment were 
obtained, harbored two specimens of a species of Diplostomum, The 
bursa contained many specimens of C. communis. Van Haitsma con- 
cluded that the single snail mentioned had been infected experimentally 
and that the cercariae belonged to C. communis. He stated that similar 
experiments conducted in 1928 yielded the same results but he did not 
describe these experiments, 

Cort and Brackett (1937) considered the cercariae obtained by Van 
Haitsma to be identical with C. emarginatae Cort, 1917 which was de- 
scribed from the same host in the Douglas Lake Region. 

Szidat (1931, p. 166) questioned the validity of the life cycle of C. 
communis as outlined above. He believed that the location of the pene- 
tration glands in the cercariae of members of the same genus should be 
similar. Since the penetration glands of Van Haitsma’s cercaria lie 
behind the ventral sucker while those of the cercaria of C. cornutus are 
in the front of the ventral sucker, he felt that the two species were prob- 
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* Gontribution from the University of Michigan Biological Station; the Biolog- 
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ably not closely related. Consequently, he suggested that Van Haitsma’s 
cercaria might belong to the species of Diplostonmm that was in the intes- 
tine of the bird from which the eggs used in the experiment were taken. 
Dubois (1938) also questioned the validity of this part of the life cycle. 
He noted that the snail in which the cercariae appeared had been in the 
laboratory only three weeks before exposure to the niiracidia. This 
seemed to him an insufficient time to preclude the possibility of previous 
infection. 

Since these workers had seriously questioned the correctness of the 
life cycle described for C. communis j it seemed desirable to throw further 
light on the matter. Therefore, we attempted to complete experimentally 
that part of the cycle not carried through by Van Haitsiiia, namely, the 
infection of the second intermediate host with the subsequent I'ecovery 
of the mature metacercariae. If T etracotyle coimmmis could be recov- 
ered from fish after they had been exposed to Van Haitsma’s cercaria, 
the doubt concerning the validity of the described life C 3 ^cle would be 
removed. 

INFECTION EXPERIMENTS 

The cercaria described by Van Haitsma (1930) as belonging to C. 
communis, and originally described as C, emarginatae, is common in the 
Douglas Lake region. Its structure is very characteristic and it can be 
readily distinguished from all other strigeid cercariae which occur in the 
region. Several specimens of S', emarginata angulata harboring infec- 
tions with this cercaria were used as the source of the cercariae for the 
infection experiments. In order to make certain that these cercariae 
were identical with those of Van Haitsma, their morphology was worked 
out in detail and checked against his description. No differences were 
discovered, but certain additional morphological information was secured 
which "will be given later. We are certain, therefore, that the cercariae 
which we used in the following infection experiments belonged to the 
same species as those which Van Haitsma described as belonging to 
C. communis. 

In a preliminary experiment two perch (Perea flavescens (Mitch.)) 
from Vincent Lake were exposed to these cercariae. Vincent Lake is an 
acid lake which harbors no snails and no trematodes have ever been found 
in fish taken from it. The two perch were placed in an aquarium sup- 
plied with a small stream of lake water and water containing cercariae 
was added on July 25, 1940. On July 27, one of the fish was dissected 
and metacercariae with all the characteristics of the cercarial body were 
recovered from both eyes. Additional cercariae were added to the aqua- 
rium on August 1, 12, and 20. The second fish was examined on August 
22 and numerous metacercariae of the diplostomulum type in four dis- 
tinct stages of development were recovered from both eyes. It was evi- 
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dent, therefore, that the metacercariae recovered had been introduced 
experimentally and were 2, 10, 21, and 28 days old. Three perch of the 
same collection were maintained under identical conditions in another 
aquarium but were not exposed to cercariae. No metacercariae were 
found in these fish on August 22. 

Subsequently, we conducted three additional experiments involving 
a total of fourteen perch from Vincent Lake. Cercariae were introduced 
into the tanks periodically as in the above experiment. Metacercariae 
were recovered from the eyes of all the fish after from two to 26 days. In 
one of the experiments only well water was used to preclude the possi- 
bility of contamination from the lake water. 

One bull-head (Amenmis nebulosus (LeSueur)), five blue-gills 
(Lepomis macrochirus (Rafinesque)), four rock bass {Amhloplifes ru- 
pesfris (Rafinesque)), and three log perch (Percina caprodes (Ra- 
finesque)) were also exposed to the cercariae but none became infected. 

The results of these experiments demonstrate that the cercaria de- 
scribed by Van Haitsma as belonging to C. communis penetrates into 
perch and develops in the eyes into a typical diplostomulum. Therefore, 
it can have no relationship to the life c^^le of C. commiunis since the 
metacercaria of this species is a tetracotyle found around the hearts of 
fishes. This finding indicates that Szidat and Dubois were correct in 
questioning the validity of Van Haitsma’s experiments. Either the snails 
he used were previously infected or were infected with miracidia from 
the eggs of diplostomes present in the intestine of his gull host. There- 
fore, the species of cercaria wLich Van Haitsma (1930) mistakenly con- 
nected with C. communis should now be known as Cercaria eniarginatae 
Cort, 1917. 

DATA ON C. emarginatae and its metacercarial stage 

The original description by Cort (1917) of C. emarginatae is very in- 
complete but Van Haitsma^s later description is given in considerable 
detail. As noted above, a careful study of the cercariae used in our ex- 
periments failed to reveal differences between his description and our 
material. However, we are able to add a few details to the description as 
a result of our studies. W e will also include descriptions of the immature 
and mature metacercariae which we obtained from the experimentally 
infected fish, followed by information 'we have gathered concerning the 
host-parasite relations of the metacercariae. 

Additions to the description of CL emarginatae. The arrangement 
of the excretory tubules, not determined by Van Haitsma (1930, fig. 
A), appears in Fig. 1. The proximal portion of the posterior collecting 
tubule bears three patches of cilia. The ventral body spination is shown 
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in Fig. 1. About nine transverse rows of spines occur in the region 
between the ciixum-oral band of spines and the level of the ventral 
sucker. Scattered spines occur among the first three or four transverse 
rows. The ventral surface behind the acetabulum is covered with scat- 
tered spines except for a small median spineless area. The dorsal body 
spination is identical excejDt that no spines occur posterior to the level 
of the ventral sucker and the spines at the level of the pharynx are more 
sparse. Six to nine hooked ^'forward projecting spines’^ always appear 



Fig. 1. Body of Cercaria emarginatae to supplement Fig. A in Van Haitsma 
(1930). Ventral aspect. Excretory system is shown only on the left; spination 
only on the right. 


Fig. 2. Developing metacercaria (lO-day-larva) of C. emarginatae from eye of 
perch. Ventral aspect. Contents of ceca not shown. Note the developing reserve 
excretory system, small holdfast, and remnants of gland ducts in the partially meta- 
morphosed oral sucker. 


Fig. 3. Mature metacercaria (28-day-larva) of C. emarginatae from eye of 
perch. Ventral aspect. To the same scale as Fig. 2. Reserve excretory system is 
incompletely shown on left. 


immediately dorsal to the oi'al opening. The spines on the ventral sucker 
and in the circum-oral band are also hooked. The intestinal ceca are 
very prominent and the esophagus and portions of the ceca lying anterior 
to the acetabulum are usually expanded so that under low magnification 
there appears to be a large clear area in front of the ventral sucker. 
Twenty-five specimens fixed by the usual method (Cort and Brackett, 
1937) were measured and the results are as follows: 
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'Range (mm) 


Body length ............ . . . . 0.221-0.268 

Body width 0.04(M}.047 

Tail stem length 0.308-0.368 

Tail stem width , 0.034-0.047' 

Furcal length 0.288-0.335 

Oral sucker length 0.056-0.069 

Oral sucker width 0.021-0.027 

Ventral sucker diameter ..... 0.024-0.029 


Mean with P.E, (mm) 
0.253 ±0.002 
0,046 ±0.001 
0.344 ±0.002 
0.040 ±0.001 
, 0.315 ±0.002 

0.062 ±0.001 
0.024 ±0.001 
0.027 ±0.001 


Description of immature ■metacercariae. Larvae recovered two days 
after penetration retained all the characteristics of the cercarial body and 
some of the details of the cercarial stritcture were checked by studying 
them. It is noteworthy that in these young larvae the excretory system 
and spination were unchanged and only a small part, if any, of the con- 
tents of the penetration glands had been lost. The larvae reached the eyes 
in large numbers within two days after penetration. 

Larvae ten days old were obviously immature but had undergone con- 
siderable morphological change (Fig. 2). The oral sucker was partially 
changed though the gland ducts in it could still be seen. The main chan- 
nels of the reserve excretory system had developed and some of the 
smaller branches had appeared. The holdfast was small but had a lumen. 
Lateral sucking areas were beginning to develop on either side of the oral 
sucker. The digestive ceca were very conspicuous since they were large 
and contained much black pigment in the form of small rods and granules. 
The hind body was just beginning to form. Thirteen worms fixed at 
this stage were 0.36-0.44 mm long and 0.11-0.20 mm broad. Thirteen 
and fourteen day old metacercariae were still very similar to the ten- 
day larvae. 

Larvae twenty-one days old had almost completed their metamor- 
phosis. The only indication of morphological immaturity was that the 
excretory concretions were noticeably smaller than those of older meta- 
cercariae. 

Description of mature metacercariae. The oldest larvae secured in 
the experiments were twenty-eight days old. They had all the charac- 
teristics of typical diplostomula and were apparently mature morpho- 
logically (Fig. 3). The forebody was flat and broad. The holdfast 
organ w'as large, filling the space betw'een the ventral sucker and the 
excretor 3 ^ bladder. The lateral glandular areas which lie on either side 
of the oral sucker were conspicuous and w^ere usually protruded slightly 
in living specimens. In fixed specimens they often appeared as cup-like 
lateral depressions. The form and extent of the reserve excretory sys- 
tem are shown in Fig. 3. The concretions at the ends of the channels 
varied from 3 to 12 microns in diameter and were usually spherical al- 
though some were oblong or irregular. The intestinal ceca contained 
no pigment and w^ere relatively narrow and inconspicuous. Numerous, 
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small gland-like structures were observed beneath the cuticula on the 
anterior two-thirds of the worms. Fifteen fixed specimens were 0.37- 
0.49 mm long and 0.14-0.25 mm broad. The diameter of the oral sucker 
in ten specimens ranged from 0.036 to 0.041 mm and the diameter of the 
ventral sucker from 0.038 to 0.050 mm. The pharynx in seven fixed 
specimens was 0.036 to 0.043 mm long and 0.019 to 0.024 mm broad. 
Although it is not expected that older metacercariae of this species will 
be found to differ appreciably in structure, they may be larger than the 
metacercariae just described, since as pointed out by Cort and Brackett 
(1938), strigeid diplostomula may increase in size for some time after 
reaching apparent maturity. It may also be added that some strigeid 
larvae are not infective when they reach what may be called morpho- 
logical maturity but require an additional period during which no evident 
morphological changes occur (Olivier, 1940, p. 456). 

Location of metacercariae in the second intermediate host. As stated 
previously, dissection of experimental fish always revealed that the meta- 
cercariae develop exclusively in the eyes. Eyes containing metacer- 
cariae of different ages were fixed and sectioned. Study of this material 
revealed that almost all of the metacercariae were located in the retina 
between the sensory cells and the pigmented layer. Only two were found 
elsewhere ; one was in the optic nerve near its exit from the eye ball, and 
the other in the layer of ganglion cells of the retina. 

Damage to the retina was usually limited to the sensory cells imme- 
diately adjacent to the parasites. One of the eyes which harbored two- 
day-larvae had a large quantity of blood in a space apparently created 
by the parasites between the pigmented layer of the retina and the layer 
of sensory cells. In the other eyes there was no indication of hemor- 
rhage or of a defense reaction to the parasites. 

Evidently the young metacercariae feed on the tissue of the retina 
since the ceca of the ten, thirteen, and fourteen day larvae were filled 
wdth black material wdiich was obviously retinal pigment. The ceca of 
older larvae, twenty-one to twenty-eight days after penetration, con- 
tained no pigment. It seems likely that these older larvae had stopped 
actively ingesting food and probably were securing their nourishment 
by osmosis through the body wall since their ceca were smaller than those 
of the younger larvae and w^ere free from the pigment. 

Most of the larvae were found near the margins of the retina although 
some were at other levels including that portion immediately behind the 
lens. Consequently, it is probable that even moderately heavy infections 
in perch do not seriously impair vision. Experimentally infected perch 
harboring large numbers of worms did not seem to be adversely affected. 

RELATIONSHIPS 

C. emarginatae and its metacercaria are strikingly similar morpho- 
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logically to the corresponding stages in the life cycle of Dipiostonmm 
flexicaudtim. These similarities must indicate that the two species are 
closely related and it seems reasonable to predict that the adult of C* 
emarginatae is a member of the Diplostomidae and is probably in the 
genus Diplostonium, 

SUMMARY 

Infection experiments have demonstrated that the cercaria described 
b}^ Van Haitsma (1930) as the cercaria of Cotyhmis communis does 
not belong to that species. These cercariae, for which the name Cercaria 
emarginatae Cort, 1917 is brought forward, penetrate perch (Perea 
flavescens) and develop in the eyes to typical, unencysted diplostomula 
similar to those of Diplosto^nmn flexicaudnm. The metacercariae of C. 
conimunis are known to be encysted tetracotyle larvae which occur prin- 
cipally about the hearts of fishes. Additions are made to the description 
of C. emarginatae, and the metacercariae into which it develops are de- 
scribed. The metacercariae develop almost exclusively in the retina 
between the pigmented layer and the layer of sensory cells. When the 
larvae are young they evidently feed on the tissue of the retina since 
they contain large quantities of pigment. Since most of the larvae occur 
in the peripheral portions of the retina and do not cause extensive dam- 
age, the}^ probably do not interfere seriously with vision unless present 
in very large numbers. 
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ON TWO NEW SPECIES OF MYXOSPORIDIA FROM 
ILLINOIS FISHES* 

Paul A. Meglitsch 
Wright Junior College, Chicago 

During the spring and summer of 1935, a number of Illinois fishes 
were autopsied. In a previous publication (1937) the writer presented 
a summary of the Myxosporidia found during the study, including the 
record of a number of forms identified to genus but not speciated. Two 
of these were restudied and are described in this paper. 

All of the fishes were taken in the Ohio River and shipped to Urbana, 
Illinois, on ice. The material was studied as rapidly as possible in fresh 
condition. In most cases the Myxosporidia were still alive and motile 
during the preliminary observations. The parasites were preserved in 

formaldehyde and have been studied recently in stained and unstained 
preparations. Permanent slides were stained with Heidenhain’s iron 
haematoxylin or Giemsa. 

Chloromyxitm opladeli n. sp. 

(Figs. 1~9) 

Habitat, This myxosporidian occurs in the gall bladder of Opla- 
delus olwaris. Two of twenty fishes examined were infected, the gall 
bladder of one of which also contained sp. These fishes were 

obtained from the Ohio River at Shawneetown and Rosiclaire, Illinois. 

Trophic stage. One host contained large numbers of active tropho- 
zoites ; the other contained many mature spores but few vegetative forms. 
Immature trophozoites were small, with about 10 {j the minimum diam- 
eter. Mature forms with developing spores measured from 18 to 30 jj 
in diameter. The hyaline ectoplasm formed a broad girdle about the 
oval, somewhat flattened organism. The granular endoplasm contained 
many small refractive inclusions. Many nuclei, visible in vivo, stained 
deeply with basic dyes. Developing pansporoblasts and mature spores 
were found in the alveolar endoplasm. 

Spore. The majority of spores were typical of the genus Chloro- 
myxmn. They were subspherical in front and side views and contained 
four polar capsules at the anterior end of the spore. A rather promi- 
nent, slightly elevated, sutural ridge, visible in both fresh and stained 
spores, was present (Figs. 2, 3). In some cases the sutiu'al ridge was 

Received for publication, March 29, 1941. 

*The writer wishes to acknowledge his indebtedness to Dr. D. H. Thompson 
of the Illinois Natural History Survey, who supplied and identified the fishes; and 
to Prof. R. R. Kudo of the University of Illinois for his helpful criticism of the manu- 
script. 
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slightly curved. Each valve bore up to eleven distinct striae which con- 
verged anteriorly. The sporoplasm was small and filled the extracap- 
sular cavity of the spore. Two small nuclei were found, occupying a 
somewhat excentidc position in the majority of spores (Fig. 4). The 
polar capsules were pyriform, converging slightly, but opening sepa- 
rately. Small, flattened capsulogenous nuclei were persistent, and could 
be seen in a pycnotic condition in most of the stained spores. The polar 
capsules were approximately equal in size. Spore dmiensions were: 
length, 6.S-8 (7.4) p; breadth, 6-7.5 (6.7) p; thickness, 5.5-7 (6.3) p ; 
capsules 2.5-3 (2.8) p by 1.5-2.3 (1.9) p. 

Atypical spores, with two, six or eight polar capsules, were quite 
numerous. In the two hosts those with six polar capsules comprised 
30% and 25% of all spores present. In their major morphological 
characters they resembled the typical spores, but were somewhat larger, 
and the polar capsules were somewhat smaller. There were three shell 
valves, fitting together along three distinct sutural ridges (Fig. 5). In 
anterior view the spore had a rather triangular shape. Striations 
similar to those found on typical spores ran more or less parallel to the 
sutural ridges. The polar capsules were pyriform and relatively small. 
Each bore a small flattened, pycnotic capsulogenous nucleus (Fig. 6). 
The sporoplasm was large and contained three nuclei. These spores 
averaged about 8.3 p in length; 7.5 p in breadth; 7.4 p in thickness ; cap- 
sules 2.5 by 1.6 p. 

Relatively small numbers of spores with two polar capsules occurred. 
5% and 3% of all spores were of this type in the two hosts. These 
spores w’ere smaller than typical spores but had few distinctive charac- 
teristics. The spore membrane was thin, and there was a slightly ele- 
vated sutural ridge (Fig 6) . Seven to nine striae were present on each 
valve, converging anteriorly. The average dimensions of the few^ spores 
of this type w’-ere : length, 6.3 p ; breadth, 6.0 p ; thickness, 5.8 p ; capsules 
2.5 by 1.9 p. 

Occasionally spores wdth eight polar capsules were found. The mor- 
phology of these is not w-ell known because of the small numbers in which 
they occurred (about 1% of all spores in each host). The spore mem- 
brane was composed of four valves meeting along low sutural ridges 
(Fig. 9). Striae, converging anteriorly, were present on each valve. 
A typical spore of this type measured : length, 8.4 p ; breadth, 7.6 p ; cap- 
sules, 2.5 by 1.2 p. 

Discussion, Atypical spores are not rare among Myxosporidia, 
They have been described in a number of species belonging to several 
genera and probably are more widespread than the literature might sug- 
gest as they usually occur in relatively small numbers and present no 
important morphological probleni. Aberrations of various types are 


MEGLITSCH-~-NEPV SPECIES OF MYXOSPORIDIA 


85 




known. One of the commonest forms of aberraiic}' is the appearance of 
short caudal processes on spores oi Myxobolus or Myxosoma,. SLS, for 
example, Myxobolus hylae (Johnston and Banci'oft, 1918), Myxobohts 
mulleri (Biitschli, 1881), Myxosoma dujardini (Thelohan, 1895) and 
Myxosoma fimduli (Kudo, 1918). A change in the size or position of 
polar capsules may produce abnormal asymmetrical spores, as in Myxo- 
bolus aeglefinis (Auerbach, 1906), Myxobolus orbkulatus (Kudo, 
1920), and Mitraspora elongata (Kudo, 1920). An aberration involv- 
ing the appearance of a supernumerary polar capsule occurs in Chloro- 
myxuin catostomi (Kudo, 1920). Although such atypical spores have 
an altered morphology there is little effect on the major axes of the spore, 
The writer is familiar with but few instances in which the aberrancy 
involves a readjustment of the axial arrangement of the spore. Noble 
(1939) mentions and figures spores with four polar capsules which he 
found frequently in fishes infected with Trilospora calif ornica. The 
spores are normally characterized by tri-radiate symmetry but spores 
with four capsules are tetra-axiate. This is especially interesting since 
the typical spores resemble a tri-radiate Ceratomyxa. 

The present form is unusual, then, in having such a high frequency 
of aberrant spores, and in the extent to which the aberrancy effects the 
axis of the spore. The bilateral symmetry of the typical Chloromyximi 
spore is supplanted by tri-radiate symmetry in spores with six polar 
capsules, and tetra-radiate symmetry in spores with eight polar capsules. 
Whether such aberrancies represent a response on the pai't of the para- 
site to an unfamiliar host, similar to that observed by Bond (1937) in 
Myxosoma grandis^ or are the result of some internal factor, is not yet 
known. 

The mode of formation of aberrant spores presents several interesting 
problems. Any one trophozoite may produce several kinds of spores. 
Fig. 1 shows a trophozoite containing one spore with eight polar capsules 
and two lying together with two and six polar capsules. Each pansporo- 
blast must give idse to four sporoplasmic nuclei, four nuclei associated with 
the spore membrane and eight capsulogenous nuclei, distributed equally 
to the tAvo spores formed, if development is typical. In many myxo- 
sporidia two residual nuclei remain in the pansporoblast. In the forma- 
tion of atypical spores the distribution of nuclei to the spores is modified. 
A pansporoblast can give rise to one spore with eight polar capsules or 
tW'O spores with two and six polar capsules respectively. In the spore 
with eight polar capsules, all of the nuclei are given to the single spore. 
Each polar capsule has one capsulogenous nucleus. The sporoplasm in 
some spores studied carried four nuclei. Unfortunately, so few develop- 
ing spores of this type have been found that it is not possible to determine 
whether the usual relationships of valves to shell nuclei prevail, but it 
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seems probable that the four valves are each accompanied by a single 
nucleus. Thus all of the nuclei of the pansporoblast are accounted for. 

Spores with two polar capsules and six polar capsules developing* 
from a pansporoblast present a discrepancy in the number of nuclei. 
The eight capsulogenous nuclei are accounted for, six being given to one 
spore, two to the other. The sporoplasmic nuclei are likewise accounted 
for since there are three in the spore with six polar capsules and one in 
the spore with two polar capsules. In nuclei associated with the spore 
membrane, however, there is a discrepancy. In typical development, 
four such nuclei are formed, two going to each spore, which, in conse- 
quence is bivalve. But in this type of atypical development the six-cap- 
suled spore has three valves and the bi capsular spore has two valves. 
Thus five valves develop from the pansporoblast. Preliminary observa- 
tions have shown that there are three shell nuclei in the developing spores 
with six polar capsules, and several spores with two polar capsules have 
been found which contained two shell nuclei, one associated with each 
valve. This extra nucleus cannot come from capsulogenous nor sporo- 
plasmic nuclei since these are all accounted for. Thus one of the valve 
nuclei may undergo an extra division, or one of the residual nuclei of 
the pansporoblast may be used. It has not been determined which of 
these takes place. 

According to the observations made to the present time the spores 
with six polar capsules develop from a pansporoblast which gives rise to 
another spore with two polar capsules- The two types of spores are seen 
lying side by side in trophozoites not infrequently (Fig. 1), When 
floating free in the bile, however, a high percentage of spores with six 
polar capsules are found (25-30%) and a very low percentage with two 
polar capsules (3-5%). If the tw^o develop together there should be 
an equal number. of each. Although a few sporoblasts developing into 
single typical spores have been seen, none developing into spores with six 
polar capsules have been found. Even though some may develop in this 
way, it cannot account for the whole discrepancy since they must be quite 
rare. The inference is drawn that spores with two capsules rarely com- 
plete their development or degenerate in the bile soon after their forma- 
tion. 

Idenfification. Of the 41 species of Chloromyxuin which are listed 
in Kudo (1933), none have characteristics wEich can be considered 
identical with the present form. Of the various species described by 
various investigators those most closely resembling the present form, 
exclusive of the formation of atypical spores, are Chloromyxum fluviatile 
Thelohan, Chloromyxum truttae Leger, Chloromyxum thynialli Leb- 
zelter, Chloromyxum misgtirni Kudo, and Chloromyxum granulosum 
Davis. Chloromyxum fluviatile is differentiated by the posterior points 
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Figs. 1-12 

All figures are camera lucida drawings magnified 1590 times. Unless otherwise 
stated the spores are preserved in 10% formalin and unstained. 


Chloromyxtim opladeli 

1. Trophozoite with atypical spores. 

2. Typical spore, oblique view. 

3. Typical spore, side view. 

4. Typical spore, front view. Heidenhain’s haeinatoxylin. 

5. Spore with six polar capsules. 

6. Spore with six polar capsules. Heidenhain’s haematoxylin, 

7. Spore with two polar capsules, side view, 

8. Spore with eight polar capsules. 

9. Spore with eight polar capsules. 


Chloromyxmn thompsoni 

10. Trophozoite containing a young spore. 

11. Spore, side view. 

12. Spore, anterior view. 


Chloromyxum thynialli may be distinguished from the present form by 
its tendency to produce six spores in each trophozoite, and the some- 
what wavy valve striations (Lebzelter, 1912). Chloromyxum misgurni 
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differs from the present form by its habit of attaching to the wall of the 
gall bladder in the trophic stage, the failure of the sutural lines to con- 
verge anteriorly, and the straight sutural line (Kudo, 1916). Chloro’- 
myxmn gmmdosum is differentiated by the small number of striations 
on the spore valves (Davis, 1917). As a result, this form has been con- 
sidered as a new species, and the name Chloromyxum opladel% is pro- 
posed for it. 

Chloromyxum thompsoni n. sp. 

(Figs. 10-12) 

Habitat. This organism occurs in the gall bladder of one Ictiobus 
bubalus of three examined. All of the fishes were from the Ohio River 
at Shawneetown, Illinois. 

Vegetative form. A few trophozoites bearing spores were found. 
These were small amoeboid forms measuring from 15 to 25 jj in diameter 
(Fig. 10). There was no distinct ectoplasm and movement was very 
sluggish. Probably the trophic stages w^ere somewhat abnormal when 
first examined. In stained trophozoites many small nuclei were found 
in the granular, alveolated endoplasm. Pansporoblasts and developing 
spores were numerous. The trophozoites are usually polysporous, con- 
taining from two to four pansporoblasts in different stages of develop- 
ment. 

Spore. The spore was small and subspherical, with rather thick 
valves and a conspicuous sutural ridge. Each valve bore about five well 
developed, distinctly elevated striations which extended from the anterior 
to the posterior end of the spore. They lay parallel to the sutural ridge, 
and covered the median half of the spore membrane (Figs. 11, 12) in 
side view. The faces of the valves carried no striae. Four large, 
broadly pyriform polar capsules occupied the anterior half of the spore. 
The capsulogenous nuclei were not found in mature spores. Valve 
nuclei w^ere also lost before the spore became mature. Two small sporo- 
plasmic nuclei lay in the sporoplasm which occupied the posterior half 
of the spore cavity. The spoi’oplasm was usually indented at the base of 
the capsules. Spores measured approximately 6 to 8 (6.9) p in length, 
6 to 7.5 (6.5) jj in breadth, 5.5 to 7 (6.3) p in thickness. Capsules mea- 
sured 2 to 3 (2.6) [x by 1.5 to 2 (1.6) p. 

Identification. The species which most closely resemble the form 
under consideration are Chloromyxum fluviatile Thelohan, C. granu- 
losum Davis and C. catostomi Kudo. C. fluviatile differs from the pres- 
ent form by having three or four fine points on the posterior half of the 
spore (Thelohan, 1892, discussed by Kudo, 1920). C. granulosiim 
differs in having striae which converge anteriorly (Davis, 1917). C. 
catostomi is most similar, but differs in having trophozoites with filiform 
pseudopodia attached to the wall of the gall bladder, more rounded polar 
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I capsules, and very fine striations instead of relatively coarse ones as 

found in the present form (Kudo, 1920). No atypical spores with five 
' similar to these described in C/z/oromy:ri/m have been 

f found. For these reasons the present form is believed to be an unde- 

scribed species, and the name Chloromyxtim thompsonl is proposed for 

SUMMARY 

1. Two new species of Chloromyximt from Illinois fishes are de- 
scribed, Chloromyxum opladeli n. sp. from the gall bladder of Opladelus 
olivaris 2ind Chloromyxiim thompsoni n. sp. from the gall bladder of 
Ictiohiis bitbahis. 

IC 2. Atypical spore formation is recorded in Chloromyxum opladeli, 

and briefly discussed. 
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RESEARCH NOTES 

A FURTHER NOTE ON LIFE HISTORY EXPERIMENTS WITH 
CRYPrOCOTYLE LINGUA (CREPLIN. 1825 ) 

During the last five years a series of life history studies on heterophyid trema- 
todes have proved unsuccessful owing to the fact that various animals used as final 
hosts have again and again proved immune to infection. 

In the case of Cryptocotyle lingxia the flukes had failed to develop in laboratory 
reared white rats, domestic ducks and black-headed gulls, Lams ridibundus L. 
(Rothschild, 1939, Novitat. Zool. Tring, 41: 178— 180), although successful infec- 
tions had eventually been obtained in two gulls which had been deprived of vitamins 
in their diet. The long series of worms thus obtained all displayed low egg pro- 
duction. Ihe maximum number of eggs in any fluke was about 30, and the egg 
shells themselves were very thin. It was suggested at the time that this limited egg 
production might be accounted for by the fact that the black-headed gull was not 
a natural host for this species of trematode. 

A different explanation, however, seemed worth testing, namely that the meta- 
cercariae obtained from certain laboratory infected fish were neither as robust nor 
as viable as specimens obtained from the same species of fish under natural con- 
ditions. 

Two gulls were accordingly fed gohits, Gob ius nithensparri (Euphras.), which 
had acquired their infections in the wild. The results obtained certainly seem to 
confirm this hypothesis. 

Eggs began to appear in the feces six days after feeding cysts. When the 
flukes were recovered from the intestines of the bird, when they were killed three 
weeks later, almost all proved to be larger than the largest of the specimens ob- 
tained from the gulls fed with experimentally infected fish. Moreover, the number 
of eggs per fluke was far greater than that found in the specimens from the original 
experiments. Measurements and egg counts of five preserved specimens cliosen at 
random from each group are given below. 

Adult worms obtained after feeding gulls Adult worms obtained after feeding gulls 

with gobies infected in the wild with gobies infected in the laboratory 

Size in microns ^ Size in microns ^ 

(maximum length Tw^necimeii ( maximum length 

and width) specimen width) specimen 

1925x495 145 1530x525 6 

1650 X 525 36 1320 x 525 12 

1305x555 191 1140x360 24 

1275x646 222 1050x420 15 

1200x660 89 930x345 13 

Mean: 1471x576 137 1194x4:j5 14 

The most striking feature, however, is the relatively thicker egg-shell found 
in the first group— the eggs being consequently a rich dark brown in color instead 
of a deep yellow. This gives a false impression of greater size. 

The metacercariae, when removed from the cysts of naturally infected gobies, 
do not appear to differ morphologically from those which develop in experimentally 
infected fish. Some specimens, however, are very active, moving about vigorously 
between slide and cover glass. In these specimens the various organs seem more 
sharply differentiated, and the cyst wall is more resistant. This active type was 
not found in the artificially infected gobies, which were all of the sluggish variety, 
barely showing more than feeble contractions when released from the cyst. On the 
other hand, in naturally infected fish I have found both sluggish and active meta- 
cercariae measuring approximately the same size in the same individual fish in a 
similar location along the fin rays. On the whole it seems reasonable to suppose 
that, although apparently quite healthy in the aquarium, few if any fish enjoy such 
perfect health in captivity as they do in natural conditions. As in the case of cer- 

m 


(maximum length 
and width) 
1530 X 525 
1320 X 525 
1140 X 360 
1050 X 420 
930 X 345 


No. of egg.s 
per si>ecimeii 




r 

■ 

m 




* 



92 


THE JOURNAL OF PARASITOLOGY 


tain snails and their cercariae (Rothschild, 1938, Novitat. Zool. Tring, 41 : 84-102), 
this poor condition of the host is dtily reflected in the lack of vitality and general 
physiological state of the parasites. This might well account for the frequent fail- 
ure of the metacercariae to develop and establish themselves in an apparently suit- 
able final host in the laboratory. Whatever the fundamental cause may be, the adult 
flukes, which were obtained from black-headed gulls fed with naturally infected 
gobies, are unquestionably more normal specimens and agree more closely with 
published descriptions of C. lingua than those recovered after feeding with meta- 
cercariae obtained experimentally.— Miriam Rothschilt), Ashton, Peterborough, 
England. 

NEW PARASITE RECORDS FROM THE RUFFED GROUSE 

In the course of examining a ruffed grouse (Bonasa mnhellus) from Itasca 
Park, Minnesota, on August 19, 1940, the author found two species of trematodes 
hitherto unrecorded from this host. 

Two specimens of Lypei^osomum monenter on Price and McIntosh (1935, Proc. 
Helm. Soc. Washington 2 : 63-64) were collected in the liver. The specimens agree 
with the figure in the original description in general appearance and in the peculiar 
condition of having only one cecum. Measurements of the present specimens in 
millimeters are given below with the measurements from the original description 
inserted in parentheses for comparison: body 4.9 to 5.3 (1.9 to 5.2) long; oral sucker 
0.234 to 0.277 (0.120 to 0.170) long by 0.213 to 0.284 (0.123 to 0.150) wide; acetabu- 
lum 0.213 to 0.284 (0.170 to 0.320) long by 0.249 (0.200 to 0.320) wide ; pharynx 
0.064 to 0.072 (0.042 to 0.060) long to 0.056 (0.050 to 0.070) wide; ova 0.032 to 
0.038 (0.032) long by 0.019 to 0.027 (0.016) wide. The same species was found in 
the livers of two kingbirds (Tyrannus tyramms) from the same locality. 

One specimen of Echmoparyphium aconiatmn Dietz (1910, Zool. Jahrb. Jena 
Suppl. 12 : 265-504) was found in the intestine. This species is distinguished from 
other 37-spined echinostomes by the location of the ventral sucker one-fourth of the 
body length from the oral sucker and by the shortness of the uterus. The present 
specimen agrees closely in size with those of Dietz as will be seen in the following- 
measurements given in millimeters. Measurements from the original description 
are inserted in parentheses for comparison. Body 1.53 (1.62) long by 0.35 (0.26) 
wide; long spines 0.040 (0.033 to 0.048) long by 0.0112 (0.006 to 0.009) wide; short 
spines 0.027 (0,028 to 0.045) long by 0.008 (0.0048 to 0.0072) wide; oral sucker 0.085 
(0.07 to 0.083) wide; pharynx 0.085 (0.065) long; acetabulum 0.241 (0.22) long; 
ova 0.1008 to 0.1072 (0.1008 to 0.1032) long by 0.0592 to 0.688 (0.066 to 0.068) wide. 
Riech (1927, Centr. Bakt. I Abt. Orig. 103: 279-290) found that cercariae of this 
species encysted in several species of snails. 

The author is indebted to Dr. F. G. Wallace for suggestions in preparing this 
note. — Nobutaro Ishii, Lake Itasca Forestry and Biological Station, University of 
Minnesota. 

A DEVICE FOR ADMINISTERING PARTICULATE MATERIAL 

TO MICE 

In administering parasite cysts or larvae by stomach tube to mice and other 
small animals- one encounters certain difficulties in expelling all of the cysts from 
either the rubber bulb pipette or the Luer syringe. The simple pump described 
here was devised in order to provide a dependable means of injecting definite num- 
bers of trematode cysts through a stomach tube. With this pump it is possible to 
follow the dose of infective material with a "chaser” of water which washes out 
the tube and both hands are left free for the manipulation of the animal and stomach 
tube. 

A bottle of water with a two-hole rubber stopper is fitted with a delivery tube 
and an air inlet tube (Fig. 1). The delivery tube is continued by a rubber tube 
one foot long to the stomach tube which may be of glass or of cellophane (Spur- 
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lock, 1941, J. Parasitol. 27: 93). We have found that a piece of surgical stitch 
tubing cut obliquely at the end is very satisfactory. A small bulb in the glass con- 
nection to the stomach tube keeps the cysts concentrated in one place. Midway 
between the bottle and the stomach tube a rubber tube with the end plugged and 
long enough to reach the floor is connected to the delivery tube by a glass T. Two 
small Bunsen valves are inserted, one on either side of the T. The Bunsen valve 
(Fig. 2) is made by fitting a one-inch piece of a No. 10 soft rubber catheter on the 


tapered end of a piece of glass tubing. The end is plugged and a longitudinal slit 
is cut with a razor blade. When the entire system is filled with water and all air 
bubbles are expelled it forms a miniature pump and when one steps on the tube on 
the floor a few drops of water are ejected from the end. The rubber tube to the 
left of the second valve is used as a pipette in order to suck up the cysts. Once in 
the bulb the cysts are locked in place by the valve until pressure is applied to the 
pump. — F. G. Wallace, Department of Zoology^ University of Minnesota. 


THE DURATION OF HUMAN INFECTION WITH END AMOEBA 
HISTOLYTICA AND OTHER INTESTINAL PROTOZOA 


A few students in the Vanderbilt University School of Medicine have been 
observed over a period of years with regard to their intestinal protozoa. Students 
harboring Endamoeba histolyticaj who had had no symptoms referable to the infec- 
tion, were requested not to obtain treatment, so that the duration of their infection 
could be determined. Two stool examinations were performed in October of the 
first academic year, another during May of the second year, and thereafter at irregu- 
lar intervals. The following report concerns nine students who harbored E. 
histolytica. 

In two students observed for four and a half years, stool specimens were posi- 
tive each time they were examined. In two observed for three and a half years 
and in three observed for one and a half years, the same results were obtained. Of 
the other two students, one was positive on the first examination and negative on 
the second examination one and a lialf years later and continued to be negative up 
to four and a half years. The other was positive on the first examination and nega- 
tive on the second examination one and a half years later. He was not observed 
thereafter. 
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Complement fixation tests were performed two or more times on seven of these 
students in our laboratory, using an alcoholic extract of washed motile amoebae as 
antigen, and an antisheep hemolytic system. All were negative. Colonel Charles 
F. Craig performed one complement fixation test on six of these, using an anti- 
human hemolytic system, and obtained ++-H- reactions in two, -HH- reactions in two, 
and ± reactions in two. One of Colonel Craig’s reactions was obtained in a 
student whose stool specimen had been negative for E. histolytica on several occa- 
sions for at least two months before the blood was drawn for the test. None of 
these students developed symptoms referable to anioebiasis during the period of. 
observation. 

Observations of other intestinal protozoa in the same students were as follows : 
One student observed for four and a half years showed E. coli, E. nana and 
lodamoeha on the first examination and one and a half years later, and lodanioeba 
after four and a half years. The student who was observed for four and a half 
years but showed E. histolytica only on the first examination also showed E. coli 
and E, nana on this examination but not on subsequent examinations. One student 
observed for three and a half yeai's showed E. coli only on the first examination, 
but showed Giardia on each examination. One student observed for one and a half 
years showed E, coli throughout this period, and E, nana was found at the end of 
one and a half years but not on the original examinations. Another student 
observed for one and a half years showed E. coli throughout this period. 

Although this series is small, it is recorded at this time because of the impossi- 
bility of further observations. — Henry E. Meleney, Vanderbilt University School 
of lifedicine, Nashville, Tennessee, 

SIGMODON HISPIDUS HISPIDUS, A NEW HOST FOR THE STRO- 
BILOCERCUS OF TAENIA TAENIAEFORMIS 

We recently received at this laboratory a male cotton rat, Sigmodon hispidus 
hispidus, from the Michigan Department of Health. This animal was from their 
breeding colony maintained for investigations on poliomyelitis. It was one of the 
original stock, having been trapped in South Carolina in February, 1940. The rat 
had been partially eaten, but examination of the liver revealed the presence of eleven 
strobilocerci of Taenia taeniaeformis. They were from 7 to 10 mm in diameter 
fixed. The larvae removed from the cysts were from 84 to 135 mm in length with 
a mean of 1 14 mm. There were from 32 to 38 booklets on the rostellum, the large 
booklets averaging 316 microns in length and the small booklets 238 microns. 

To the best of our knowledge this is the first record of the strobilocercus of 
Taenia taeniaeformis from the cotton rat.-— -Philip A. Hawkins, Department of 
Bacteriology and Hygiene, Michigan State College, 
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THE BUOYANCY OF CERTAIN NEMATODE EGGS* 

W ILLI SaWITZ 

Department of Tropical Medicine, Tnlane University of Louisiana, 

New Orleans, Louisiana 

Although floatation technics for the recovery of eggs of parasites from 
fecal specimens make use of the buoyant force exerted by solutions of a 
specific gravity higher than that of the eggs, specific gravity values have 
been reported only for eggs of Ascaris itimhricoid (1) and of Necator 
america Jilts (2). The present study deals with the eggs of the human 
pinworm {Enterobius vermicularis), the human whipworm {Trichuris 
trichiura), the dog whipworm {Trichuris vulpis), the dog hookworm 
{Ancylostoma caninum) and fertilized and unfertilized eggs of Ascaris 
lumhricoides irom man. 

METHODS 

Fecal specimens containing eggs of Enter ohius vermicularis, Trichuris 
trichiura and Ascaris limibricoides were brought to the laboratory of this 
Department for routine examination. Feces containing eggs of Trichuris 
vulpis and Ancylostoma cajiinum were passed by naturally infected 
laboratory dogs. 

The fecal samples containing the eggs were thoroughly homogenized 
in physiologic salt solution (approximately 1 : 50) by a stirring machine 
(3), which was allowed to run for one hour at 1,600 RPM. The ho- 
mogenized suspension was strained through one layer of. cheesecloth into 
a gallon jar, which was then filled with physiologic salt solution. Sedi- 
mentation was allowed to take place for 6 to 12 hours, usually overnight, 
following which the supernatant liquid was siphoned off and the sediment 
containing the concentrated egg suspension kept in the refrigerator at 3° 
C. The approximate number of eggs present in a measured amount of 
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suspension was determined by the centrifugal floatation technic (3) , using 
a 45.6 per cent zinc sulphate solution (ZnSO.^ 7 H 2 O U.S.P. granular) 
of specific gravity 1.250 in a 10 ml Wassermann lube (100 x 13 mni) and 
a coverglass resting snugly on the ground top of the tube. 

The specific gravities of the eggs were tested by centrifugal floatation 
in zinc sulphate solutions of graded specific gravities. Equal amounts of 
suspension containing a known number of eggs were pipetted into each of 
several Wassermann tubes with ground top. Zinc sulphate solutions of 
the various specific gravities were then added to fill the tubes so that a 
superimposed round coverglass contacted the liquid except for a small 
area occupied by an air bubble. This provided a safeguard against spill- 
ing of some of the liquid together with eggs. The preparations were 
centrifugalizecl in metal holders with metal sleeves having four fingers 
projecting upwards to hold the coverglasses in place. An International 
clinical centrifuge was used with an acceleration period of 20 seconds, a 
top speed of 2,640 RPM and a deceleration peifiod of 30 seconds. The 
distance from the axis of the centrifuge to the bottom of the tube was 13.5 
cm. After centrifugation for 100 seconds at top speed the coverglasses 
were rapidly but carefully lifted off each tube, gently rotated manually to 
mix the material uniformly throughout the adhering drop, and placed 
drop-down on a vaseline-ringed slide. To the tube from which the cover- 
glass was removed there was added its appropriate zinc sulphate solution 
until the meniscus reached the rim and a new coverglass was applied. 
This procedure was repeated again, thus providing 3rd, 4th, and 5th 
coverglass preparations. 

The supernatant liquid remaining after the last preparation had been 
made Avas approximately halved by pipetting the upper and lower por- 
tions into separate tubes. Zinc sulphate solution of specific gravity 1.250 
or 1.300 w-as added to be sure that the resulting solution exceeded a spe- 
cific gravity of 1.200. Tw^o to three coverglass preparations were made 
from each tube. 

To the sediment of the original tubes zinc sulphate solution of specific 
gravity 1.250 was added, the sediment broken up by shaking, and 5 to 7 
coverglass preparations were made. 

Finally, the sediment of each tube was examined directly by spreading 
the material on slides to detect eggs w4iich failed to float. The number 
so found was alw^ays less than 1 per cent. 

The number of eggs on each coverglass preparation w^as counted and 
tabulated. The percentages of recovery from each layer w-ere calculated 
on the basis of the total number of eggs recovered from each tube. The 
results show the distribution of the eggs in the surface layer, upper and 
low^er portions of the supernatant liquid, and in the sediment, after centri- 
fugation in zinc sulphate solutions of various specific gravities. 



. RESULTS ■ 

The data in each series of experiments are presented as the percent- 
ages of the total number of eggs tested in each solution. 

Eggs of the pinworm (Enterobius vermlcularis ) , — The specific grav- 
ity of pinworm eggs was tested in 3 experiments. In the first two experi- 
ments 0,5 ml of the suspension was used, each containing approximately 
70 eggs, in the third experiment 0.5 ml containing approximately 90 eggs. 
The summarized results are presented in Table 1. 


Table 1. — Percentages of recovery of pimvorm eggs from dig e rent levels of ZnSO^ 
solutions of various specific gravities. Summary of 3 experiments 


Specific gravity ........... 

l.OSO 

1,100 

1.110 1.115 
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1.125 , 1.180 
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6 57. ■ 
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96 

96 

91 36 

24 
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No essential difference rvas found when fully embryonated pinworm 
eggs were tested 24 hours after being passed and after S days in the 
refrigerator. 

The greater the yield of eggs is on the first coverglass preparation re- 
moved from the surface layer, the more efficient is the concentration by 
centrifugal floatation. For Enterobius vermiadaris eggs the efficiency 
percentages of the first coverglass preparations removed from the solu- 
tions of the various specific gravities were as follows : specific gravity 
1.080, 2; 1.100, 2; 1.110, 1; 1.115, 12; 1.120, 56; 1.125, 44 and 1.180, 70. 

Whipworm eggs.— The specific gravity of eggs of the human whip- 
woi*m (Trichiiris trickhira) tested in 5 experiments with no essential 
difference in the results. The amounts of suspension used were 0.2 ml 
containing approximately 150 eggs, 0.2 ml wdth approjjimately 200 eggs, 
0.4 ml with approximately 210 eggs, 0,4 ml with 150 eggs and 1 ml with 
approximately 300 eggs. The summarized data are presented in Table 2. 

Table 2. — Percentages of recovery of Trichuris tricliiura eggs from different levels 
of ZnSOi solutions of various specific gravities. Summary of 5 experiments 


Specific gravity ... . 1.120 1.130 1.140 1.150 1.160 1.165 1.170 1.180 1.200 1.300 

Surface layer 0 1 2 23 49 66 75 85 99 100 

Supernatant | upper 0 0 2 7 5 5 2 5 0 0 

liquid \ lower 0 0 4 7 7 5 4 3 0 0 

Sediment 100 99 92 63 39 24 19 7 1 0 


The efficiency percentages of the first coverglass preparations removed 
from the surface la 3 "ers of the various solutions were as follows : specific 
gravities 1.120 and 1.130, 0; 1.140,4; 1.150, 5^; 1.160,32; 1.165, 2d; 1.170, 
32; 1.180, 52; 1.200, 90; and 1.300, 93. 

Centrifugation times of 50 and 280 seconds at top speed yielded fewer 
eggs than did 100 seconds. By employing sodium chloride solutions of 
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I'espectively 18 and 73 as compared to 85 and PP in zinc sulphate solutions 
of the same specific gravities. The corresponding efficiencies of the first 
coverglass preparations were and 53 in sodium chloride and 52 and P/? 
in zinc sulphate solution. 

The specific gravity of eggs of the dog whipworm ( Trickuris vulpis) 
was tested in 2 experiments. The amounts of suspension used were 0.3 
and 0,5 ml containing approximately 80 and 100 eggs respectively. The 
summarized results are presented in Table 3. 

Table 3.- — Percentages of recovery of Trichuris vulpis eggs from different levels of 
ZnSO 4 , solutions of various specific gravities. Summary of 2 experiments 


Specific gravity 1.140 1.150 1.160 1.180 1.200 

Surface layer 0 37 88 92 100 

SupeiuTtatant liquid . . - 0 0 0 0 0 

Sediment 100 63 12 8 0 


Eggs of the dog hookw'orm {Ancylostoma canmmn ). — The specific 
gravity of eggs of Ancylostoma canimtm was tested in 2 experiments. 
The amounts of suspension used were O.S and 0.4 ml containing approxi- 
mately 200 and 180 eggs respectively. The sunimai'ized results are 
presented in Table 4. 

Table 4. — Percentages of recovery of Ancylostoma caninum eggs from different 
levels of ZnSOi sohtions of various specific gravities. Summary of 2 experiments 


Specific gravity 1,040 1.055 1.150 1.180 1.200 

Surface layer 0 38 . 92 100 99 

Supernatant liquid .. 1 10 • 0 0 0 

Sediment 99 52 8 0 1 


For these Ancylostoma canimim eggs the efficiency percentages of 
the first coverglass preparations removed from the surface layers of the 
solutions with thje various specific gravities were as follows: specific 
gravity 1.040, 0; 1.055, 21; 1.150, 81; 1.180, 87; and 1.200, P2. 

Eggs of Ascaris hmibricoides.~Th.e specific gravity of feitilized 
Ascaris lumbricoides eggs was tested in 5 experiments. The amounts of 
suspension used were 0.1, 0.1, 0.1, 0.2, 0.4 ml containing approximately 
250, 300, 500, 600 and 450 eggs. The results in these experiments dif- 
fered considerably; the range in results is presented in Table 5, the 

Table 5 . — Percentages of recovery of fertilised Ascaris lumbricoides eggs from 
different levels of ZnSOi solutions of various specific gravities. Range of 
results in 5 experime^vts 


Specific gravity 1.080 1,100 1.110 1.120 1.140 1.180 1.200 

Surface layer 0 0-1 1-56 25-97 90-99 97-100 98-100 

Supernatant J upper . , 0 0 0- 0 5- 0 2- 0 0 0 

liquid 1 lower .. 0 0 0- 44-0 0 0 0 

Sediment 100 100-99 99-34 66- 3 8- 1 3- 0 2-0 


lower percentages being obtained with 500 eggs in each test tube, the 
higher ones with 300 eggs. 



For these fertilized Ascayis eggs the efficiency peixentages of the 
first coverglass preparations removed from the wSiirface layers of the solu- 
tions with the various specific gravities ranged as follows : specific gravi- 
ties 1.080 and 1.100, 0; 1.110, 1 to 32; 1.120, 6 to 73; 1.140, 53 to 71; 
1.180, 57 to 79 and 1.200, 94, A top .speed centrifugation time of 50 and 
280 seconds did not essentially alter the results. 

The specific gravity of unfertilized eggs of Ascaris lumbricoldcs was 
tested in 2 experiments. The amounts of suspension used were 0.2 and 
0.4 ml containing approximately 90 and 120 eggs. The summarized 
results are presented in Table 6. 

Table 6 . — Pcrceniagcs of recovery of nnferiiliaed Ascaris liimbricoides eggs from 
different levels of ZnSOi solutions of various specific gravities. Summary of 

2 experiments 


Sj)ecifie gravity . . 
Surface layer . . . . 
Supernatant liiiukl 
>Sedinient 


DISCUSSION 

The specific gravities of eggs of the pinworm, the whipworm, the 
hookworm and Ascaris were tested in zinc sulphate solutions of various 
specific gravities by centrifugal floatation. Zinc .sulphate and centrif- 
ugal floatation were chosen in order to obtain additional quantitative 
evaluation of the zinc sulphate centrifugal floatation technic (3, 4). 
Buoyancy tests are used for the determination of .specific gravity values. 
However, the difiference in yield of wdiipworm eggs from sodium chloride 
and zinc sulphate solutions of the same specific gravity adds evidence that 
the specific gravity of a biologic object determined by its buoyancy is 
not necessarily identical with its true specific gravity, due to the possible 
interaction of floating medium and object (2). The zinc sulphate 
medium apparently intei'feres less, possibly by virtue of the difficulty of 
the sulphate ion to penetrate the living cell membrane (5). 

For the floatation technic a solution of a specific gravity equal to that 
of the eggs is not sufficient. The specific gravity of the floating medium 
must be higher. The difference in the two values influences the number 
of eggs buoyed up and especially the number recovered from the first 
coverglass preparation. A centrifugation time of 100 seconds top speed 
was employed after it was found that 50 and 280 seconds provided lower 
yields on the first coverglass preparation. However, it is important to 
note that the manner in which the superimposed coverglass is lifted from 
the tubes influences the yield, as emphasized by Lane (6). 

While few if any eggs of Enterobhis vermicularis floated in solutions 
of specific gravities of 1.110 and lowxr, in a solution of 1.115 the eggs 
were distributed in the surface layer, the supernatant liquid and the sedi- 
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inent. In solutions of higher specific gravity the top layer yield in- 
creased. Thus, the specific gravity of Enter oh ins vcnnicularis eggs, as 
determined by buoyancy tests in zinc sulphate solutions, is approximately 
1,115, For floatation technics a solution of this specific gravity obviously 
does not provide a sufficient yield. Only 57 per cent of the total number 
was found in the surface layer, and only 12 per cent on the first 
coverglass preparation. While a solution of the specific gravity 1.180 
will float almost all of the Entcrohiiis vennicidaris eggs, the first cover- 
glass preparation yielded little more than two- thirds of the total number. 

In solutions of specific gravity 1.140 and lower only an occasional egg 
of Tnchuris t?dchiura or Trichuris zmlpls floated; in solutions with 
specific gravities 1.150 and 1.160 the eggs were distributed in the surface 
layer, the supernatant liquid and the sediment. Thus, the specific grav- 
ity of T. tnchiura eggs, as determined by buoyancy tests, ap])ears to be 
between 1.150 and 1 . 1 60. 

Solutions of higher specific gravity have to be used for concentration 
of these eggs. In a solution of specific gravity 1.180, 85 per cent of the 
total number was recovered from the surface layer by consecutive cover- 
glass preparations, although the first preparation yielded only one half of 
the, total number present. A first coverglass yield of 90 per cent was 
obtained with a solution of specific gravity 1.200. These yields are in 
accordance with results obtained by Faust et al. in a qualitative stud}" 
(4), in which more than 10 per cent of infections actually present were 
missed, when centrifugal floatation in zinc sulphate solution of specific 
gravity 1.180 was employed. ' The specific gravity values of T. viilpis 
eggs w’ere similar to those of T, frichinra. 

Lane (6) found a sodium chloride solution of specific gravity 1.150 
inadequate for floating whipworm eggs that had been preserved under 
water for more than 4 weeks. A sodium chloride solution of specific 
gravity 1,200 floated approximately one-half the number that floated in 
calcium chloride solutions of specific gravity 1.300 and higher. These 
findings indicate that old whipworm eggs in these salt solutions need a 
greater buoyant force than do fresh eggs in zinc sulphate solutions. 

Eggs of Ancylostoma caninum w^ere found distributed in the surface 
layer, the supernatant liquid and the sediment in zinc sulphate solutions 
of specific gravity 1,055, thus suggesting that this is their specific grav- 
ity. This value agrees exactly with that of Necator americaniis eggs 
previously reported (2). While in solutions of specific gravity 1.150 
more than 90 per cent of A. caninum eggs was recovered from consecu- 
tive preparations removed from the surface layer, the efficiency of the 
first coverglass preparation was 80 per cent. Heavier solutions w^ere 
still more efficient, solutions of specific gravity 1.180 yielding 87 per cent. 

Lane (7) has stressed the need of using a solution having at least a 
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specific gravity of 1.150 for the practical purpose of concentrating liiiman 
hookworm eggs by floatation. The data presented for A. camnum are in 
agreement with Lane’s findings. They are further substantiated by the 
following unpublished results obtained during the study of the specific 
gravity of Necaior americanus eggs (2) : The efficiency of the first cover- 
glass preparations from the surface layers of solutions of specific gravities 
1.045 and 1.050 was 0; of 1.055, 4 per cent; of 1.060, S3 per cent; of 
1.065, 56 per cent and 1.180, 98 per cent. 

Fertilized eggs of Ascaris Imnbricoides in the one-cell stage varied in 
their specific gravity values. In one series of experiments the eggs were 
buoyed up in solutions of specific gravity 1.120 to 1.130 and in another, 
ot 1.110, so that 1.110 to 1.130 may be considered the range. On the 
first coverglass preparation, when zinc sulphate solution of specific grav- 
ity 1.180 was used, only 57 to 79 per cent of the total yield was recov- 
ered, while a solution of specific gravity 1.200 yielded 94 per cent. Un- 
fertilized eggs of Ascaris floated in solutions of specific gravity 1.200, but 
more readily in solutions of specific gravity 1.250. 

Lane (6) found that only 4 per cent of fertilized Ascaris eggs floated 
in a sodium chloride solution of specific gravity 1.150, while in a solu- 
tion of specific gravity 1,200, about one half the number floated as with 
a calcium chloride solution of specific gravity 1.300. Flowever, these 
results were obtained with eggs more than 4 weeks after being passed 
and in solutions other than zinc sulphate. In 1926, Sasaki (1) reported 
the specific gravity of fertilized Ascaris eggs as varying between 1.083 
and 1.187, the less mature eggs being heavier than the more mature ones, 
unfertilized eggs being still lighter. The difference between Sasaki’s 
findings and those reported here might be due to different floating media 
employed. The information necessary for comparison was not available, 
since the report is written in Japanese. 


SUMMARY 

The specific gravities of several nematode eggs have been tested in 
zinc sulphate solutions of various specific gravities. However, values 
thus determined are not necessarily the actual specific gravities. For 
the concentration of these eggs by centrifugal floatation a solution of a 
specific gravity higher than their owm is necessary. The centrifugation 
time is a function, mathematically expressed, of the difference between 
the specific gravities of the eggs and the solution. 

Enterobius vermicitlaris eggs were buoyed up in solutions of specific 
gravity 1.115 and higher. A solution of specific gravity 1,180 yielded 
97 per cent of the total in the surface layer and 70 per cent on the first 
coverglass preparation. 

Trichuris trichiura eggs w^ere buoyed up in solutions of specific grav- 
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ity 1.150 and higliei'. A solution of specific gravity 1.180 yielded 85 
per cent of the total in the surface layer and 52 per cent on the first cover- 
glass preparation, while a solution of specific gravity 1.200 yielded 99 
and 90 per cent i*espectively. 

Trichuris vulpis eggs were buoyed up in solutions of specific gravity 
1.150 and higher. 

Ancylosfoma canimmi eggs were buoyed up in solutions of specific 
gravity 1.055 and higher. A solution of specific gravity 1.150 floated 
92 per cent of the eggs and a solution of specific gravity 1.180, 100 per 
cent, with an efficiency of the first coverglass preparation of 87 per cent. 

Fertilized Ascaris lumbrico eggs differed in their buoyancy in 
different experiments within the range 1.110 to 1.130. A solution of 
specific gravity 1.180 floated almost all of these eggs, while the efficiency 
of the first coverglass preparation varied between 57 and 79 per cent. A 
solution of specific gravity 1.200 yielded 94 per cent on the first cover- 
glass preparation. 

Only 39 per cent of unfertilized Ascaris Imnhricoides eggs was buoyed 
up in solutions of specific gravity 1.200, while a specific gravity of 1.250 
yielded 99 per cent. 

The data on the specific gravity of these eggs provide basic informa- 
tion on the required specific gravity of the solution to be employed for 
floatation technics. The differences in the specific gravities of the eggs 
examined suggest the possibility of differential floatation. 
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STUDIES ON DERMATITIS^-PRODUCING SCHISTOSOMES 
: IN EASTERN MASSACHUSETTS, WITH ExMPHASIS' 

ON THE STATUS OF SCHISTOSOMATIUM 
PATHLOCOPTICUM TANABE, 1923^ 


Lawrence R. Penner^ 

Department of Comparative Pathology and Tropical Medicine, 

Schools of Medicine and Public Health, Harvard University 

During the summer of 1940 it was possible to study the potential or 
real schistosome dermatitis problems which occur in eastern Massachu-' 
setts. The center of operations was the Harvard Medical School at 
Boston, where Tanabe, early worker on rodent schistosomes in the 
United States, had studied. Not only was the prevalence of the causa- 
tive organisms in the region investigated but five of Tanabe*s original 
slides of Schistosomatm^ pathlocopficum were studied. 


HISTORICAL 

Tanabe ( 1923) infected white mice, and white rats with a schistosome 
cercaria found in Stagnkola palnstris collected in the vicinity of Boston, 
Massachusetts, primarily from the Back Bay Fens region. Because the 
adult w’orms were different from any previously described, he erected a 
new genus and species, Schistosomatium pathlocopticmn, for his speci- 
mens. This was the first schistosome life cycle to be completed experi- 
mentally in this country. He was unable however, to demonstrate a 
natural host for the worm. 

Price (1929) described a , new adult schistosome obtained experi- 
mentally in laboratory rats and mice. She produced the infection by 
experimental exposures to Cercaria doiithitti Cort, 1914, from the snails, 
Lymnaea stagnalis apressa Say and N. pahtstris (Muller). Later Price 
(1931) reported quite fully the entire life cycle and believed field mice 
to be the natural hosts of the fluke. She considered the worm to be 
very closely related to N. paihlocoptictim but because of certain differ- 
ences she discovered in her study, did not believe them synonyms. Price 
was able to infect Peromyscus maniculatiis (Wagner) Bangs, Mus 
musculus Linnaeus, Microtus pennsylvanicus (Ord.), wliite mice, wdiite 
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rats, and a cat. Her examinations of several species of mammals from 
nature were negative with the exception of two meadow mice, one of 
which had one pair of worms in a mesenteric vein of the cecum while the 
other had three males and one female in a similar position. The animals 
were collected in the region of Third Sister Lake, near Ann Arbor, 
Michigan. 

. The above were the only records of natural infections until Penner 
(1938) tentatively determined as Schist osomatiiim doiithitti (Cort) 
worms found in 32 out of 330 muskrats from the vicinity of Minneapolis, 
Minnesota, examined during March and April, 1938, and in one of two 
muskrats examined at the University of Michigan Biological Station 
during August, 1938. Since that time Penner (1939, 1940) has experi- 
mentally infected muskrat, guinea pig, snow-shoe hare, and cottontail 
and laboratory rabbits with C. dotithitti and has also collected data on 
the role played by the muskrat as the natural definitive host. Since the 
spring of 1938, 374 muskrats in the vicinity of Minneapolis, have been 
examined for schistosomes. Forty-two (11.2%) were found infected. 
One of two brown rats examined November 6, 1939, had in the liver 
spineless schistosome eggs which were identified as those of 5'. doufhitfi. 
The rat was caught in water about two feet from shore in a baited live 
trap. Most of the eggs were walled off in the liver with fibrous tissue 
and no eggs were found in the feces of the rat. Mr. A. C. Cuckler, in a 
recent personal communication, reported finding schistosomes in Micro- 
tits trapped during July, 1940, at a pond near Edina, Minnesota. 
Although they have not been studied, the worms are likely N. douthiffi, 
as extensive snail collecting in the pond has failed to reveal any species 
of schistosome cercariae other than C. douthitti. 

Porter (1938) reported Schist osomatiivin pathlocopticum in experi- 
mental mice at Johannesburg, South Africa. She exposed a month old 
mouse to cercariae from Buliniis tropicus for 45 minutes and at the death 
of the mouse in 32 days, found one male and one female worm which 
agreed in many particulars with the adults found by Tanabe '(1923). 
However, her measurements, especially of suckers, are somewhat at 
variance with measurements of either 5. pathlocopticum as described by 
Tanabe, or S. douthitti. The material with which she worked was 
limited and it is possible that she was dealing with an entirely different 
species of rodent schistosome. 

McLeod (1940) recorded the examination of 460 snow-shoe hares 
(Lepus ameiicanus) , 240 gophers (Citelhis, 3 spp.), and 36 muskrats in 
the laboratories of the University of Manitoba but all were negative for 
schistosomes. Other examinations of rodents in this country have failed 
to reveal schistosomes. 
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THE STATUS OF Schistosojfiafmm pathlocopticwm tanabIt; ^ " 


One of the main purposes of the study of dermatitis-producing schis- 
tosome cercariae in. the vicinity of Boston was to determine the relation- 
ship of lanabe’s species, 5', pathloc optic iitn^ to S. douthitfi. Extensive 
collecting failed to reveal any schistosome cercariae which could be con- 
sidered identical with the cercariae for either species as described. 
Therefore, before going further with the problem of schistosome der- 
matitis in Massachusetts it is deemed advisable to -disctiss the status of 
S. pathlocopticiim as determined from Tanabe's publications and from 
some of his preserved material consisting of five slides labelled as fol- 
lows: C. B. Cercaria ; Male from mesentei*ic v. of mouse 33 days after 
infection July 7, 1922; $ from mes. vein of ms. 25 clays after infection 
July 15, '22; Intestine of Ms. B ; and Eggs f: mm Liver of Ms. G. July 21, 
1922. From a thorough study of the slides and of the results from cer- 
tain experiments I have come to the conclusion that Tanabe's species is a 
synonym of S. doutkM^ (Cort, 1914). The evidence to warrant the 
above conclusion is incorporated in the following discussion. 


ADULT WORMS 

Tanabe reported the maximum length of the males oi S. pafhlocopiP 
ami to be 11.8 mm and that of the females, 10.2 mm. The age of the 
infection was not given. These measurements are considerably longer 
than those given by other authors for specimens of Schisfosomatiim^^^ 
Penner (1940) found the maximum length of males of S. doiithifti in 
white mice to be 7.14 mm, and that of the females, 4.53 mm. This in 
itself, however, is not sufficient reason for separating it from S. douthitti 
as there may be several other causes of length difference, as for example : 

a. Distortion of the specimens on extraction from host. I have been 
able to extend specimens oi S. douthitti to more than 10 nim when ex- 
tracting them from the mesenteric vessels of mice dead several hours 
before autopsy. It is suggested that Tanabe's longest worms may have 
been removed when dead. 

b. Intensity of infection affects the size of the worm (Price, 1931). 

In my experiments the largest worms have generally been found in 
lightly infected mice. , 

c. That there may be remarkable differences in the size of worms has 
been recognized for other species of schistosomes. Cort (1923) found 
quite a range of variation in specimens of 5*. japonicum recovered on any 
given day after infection. In general, the same has been found true of 
S. douthitti (Fenner, 1940) , 

d. The length of time the infection has been allowed to run before the 
host is autopsied. Cort (1921) in studying Si japonicum noted remark- 
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able changes in size as the worms passed from the cercarial to the adult 
stage, the worms increasing as much as 130 times their cercarial size 
before becoming mature adults. Specimens of S, japoniciim from mice, 
although usually smaller, have reached the size of 8 mm for males and 1 1 
mm for females from hosts examined 62 days after exposure (Katsurada, 
1914). 

e. In addition, the age of the host, the strain of laboratoiw animal 
used, individual resistance or susceptibility of the host to infection, and 
diet of the host are among the factors which may influence the size of the 
worm. 

By experimentally infecting mice with cercariae of .9. douthitti and 
performing autopsies at lengths of time corresponding to those of Tanabe's 
infections the author was able to obtain comparable measurements 
(Table 1). 


Table 1. — Comparative maximum measurements^ in millimeters, of male Schisto- 
matium taken from experimental infections of %ohite mice 


Days 

Tanabe (1923) 

Cercariae from S. palustris 

Penner (i^resent paper) 

12 

1.658 i 

1.20 (cercariae from L. st agnails) 

21 

3.85 

3.84 (cercariae from S. palustris) 

24 

2T 

0,785 

5.04 (cercariae from L. stagnalis) 

30 

6.338 

7.14 (cercariae from L. stagnalis) 

21 

Maximum measurements of females 

3.851 1 3.18 (cercariae from /S. palustris) 


In my experimental infections the mice were exposed by being placed 
in a bell jar containing water with cercariae. The time of exposure 
varied from 4-20 minutes depending on the number of cercariae used. 
The water was deep enough so the feet and lower parts of the mice were 
under water. 

In Tanabe’s mounted material which I have had the opportunity of 
studying, there are two slides of adult worms, one containing two males 
from a 33 day infection in mice, and the other containing three females 
from a 25 day infection in mice. The specimens were apparently, 
mounted in balsam and ringed with some kind of sealing cement. The 
mounting medium has partially evaporated thereby distorting the speci- 
mens to a certain degree. They are, however, still satisfactory for use 
in observing general morphological features. 

In order to have S, douthitti specimens of the same age, mice were 
infected with known S. douthitti cercariae and autopsied at dates corre- 
sponding to those on Tanabe’s slides. Measurements are indicated in 
Table 2. ■ 

The measurements of Tanabe’s specimens are for the most part in 
agreement with those given for vT. douthitti. Such differences as do 
exist, can be accounted for by the excessive flattening caused by the dry- 
ing of his slides over a period of several years. 
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Table '2., 


—Measurements, in millimeters, of Tanabe's mounted specimens as com- 
pared tvith those of knoum S. donthhti adtdfs of the saine a^es 


, d'-cf,' 

33 days Tanabe 

33 days Penner 

(2 specimens) 

(10 specimens)* 

Body length 

5.7 -7.14 

3.4 -7.12 

Length fdrehody 

2.7 -3.14 

1.4 -2.4 

Width forefoody 

0.43-0.56 

0.36-0.60 

Length hindbody 

3.97-3.90 

1.74-1.72 

Width hindbody ......... 

0,61-0.65 

0.21-0.54 

Length oral sucker 

0.16-0.16 

0.12-0.18 

Length ventral sucker .... 

0.14-0.22 

0.18-0.20 

Oral s. to ventral s 

0,96-1.11 

0.57-0. 84 


25 days Tanabe 

25 days Penner 
(10 .specimens)* 

(3 specimens) 

Body length 

4.5 -6.3 

1 1.92-4.50 

Body width 

0.18-0.31 

1 0.1.5-0.30 

Oral s. length ........... 

0.09-0.14 

i 0.09-0.11 

Ventral s. length ........ 

0.14-0.18 

i 0 09-0 13 

Oral s. to venti*al s. ...... 

0.41-0.45 

1 0.30-0.42 


* Snail host, Btagnicola reflewa. 


Another character which has been used to separate S. patlilocopticiim 
from S, douthiiti has been testicular lobation. Tanabe’s reports for .9. 
pathlocopticum were 14-16 follicles and Price (1931) for S. douthitti 
15-36. However, the two males in Tanabe’s material had 20 and 22 
distinct follicles with several smaller lobules, which are not so distinct. 
The testes of a 33 day old male S- douthitti from an experimental infec- 
tion in white mouse are quite similar. Tanabe apparently erred in count- 
ing the testicular lobation in his own experimental material. I have 
found all gradations of testicular lobation in experimental material from 
a lobed mass to as many as 29 follicles. The situation seems to depend 
largely on the duration of the infection. For example, as few as 15 lobes 
have been counted in a 21 day infection and as many as 29 in a 130 day 
infection in laboratory mice. 

It is interesting to note in this respect that Porter (1938) in report- 
ing 'S. pathlocopticum from South Africa, figured and indicated that the 
male worm she studied, had 14 distinct testicular lobules. If the loba- 
tion is found constant after more material from South Africa is studied, 
it may ptove significant in determining the status of Porter's specimens. 
It is possible, as mentioned before in this paper, that, provided the adult 
and cercarial morphology are as she described them, she was dealing 
with a new species. 

■ ■ . ■ ■ EGG. 


The section of liver in Tanabe's material marked ‘^Eggs from Liver 
of Ms. G, July 21, 1922,'' is not very satisfactory for measuring the 
eggs. A series of 10 ranged from 45-62 microns in length and 42-50 
microns in width. Table 3 gives comparative measurements of Schisto- 
somatmm eggs as recorded by different authors. It also indicates the 
variation in size of eggs as they are found in different habitats. The 
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Table 3. — Comparative measurements, in microns, of Schistosomatium eggs as 
recorded by different authors 


Location of eggs 

Tanabe, 1923 

10 eggs (mouse) 

Price, 1931 

50 eggs (mouse) 

Peiiner, present 
paper 

50 eggs (host- 
muskrat) 

Uterus of female worm. . 
Liver of definitive host. . 

Intestinal wall 

Mature or developed egg 

40- 59 long 

56- 98 X 4:^70 

1 49~ 75 X 56-87 

80-126 X 58-87 

42- 80 X 30-58 

94-122x74-98 

35- 90x30-65 
50-106x40-76 
44-110 X 54-90 
90-128 X 64-96 


developed eggs were found by Price (1931) to occur 28—30 days after 
the definitive host was exposed to infection. The measurements do not 
indicate that the material studied might be of more than one species of 
fluke. 

CERCARIA 

Tanabe (1923) indicated the close resemblance of the cercaria of 5^. 
pathlocopticum to C. douthitfL The major difiference was in the re- 
corded number of penetration glands. Tanabe reported three pairs 
present in .S', pathlocopticum, this number being verified, perhaps errone- 
ously, by Porter (1938). Cort (1914) first described C. douthitti as 
having 4 pairs of penetration glands, but Cort (1917) and others have 
since observed 5 pairs, while Price (1931) added an extra pair of escape 
glands present in the cercaria before emergence from the daughter sporo- 
cyst. Miller (1936) in his key to the Illinois cercariae still retained 
Cort’s (1914) first observation that four penetration glands are present 
on each side of the body in C. douthifti. 

Tanabe’s slide labelled “C.B. Cercaria'’ contains 7 cercariae, five of 
which are considerably flattened and more or less separated from the 
mounting fluid while the other two are but slightly distorted and in the 
mounting medium. Several of the cercariae show what appear to be 5 
pairs of glands with ducts leading away from them. . 

After examining this material, I am convinced that Tanabe's mate- 
rial has 5 pairs of penetration glands and feel that he erred in determin- 
ing the actual number present. Porter (1938) perhaps erred in her 
study of cercariae which she determined to be S. pathlocopticum. 
Although she reported only 3 pairs of penetration glands, it is quite 
possible that she did not have enough available material to correctly 
determine the actual number of glands. Her drawings resemble those 
published by Tanabe (1923). If there are only 3 pairs of penetration 
glands in her material, she is dealing with a new species of schistosome 
worm. 

There are 5 or 6 penetration spines on each side of the concavity of 
the head organ near the openings of the ducts from the penetration 
glands. Tanabe (1923) described distinct anterior spines on his cer- 
caria, believing their presence signified a difference between the cercariae 
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I of S. pathlocopticiim and .S'. doiithittL As C. douthilti has such spines, 

1, this was not a valid difference. 

C. was first described without cuticular spines (Cort, 1914). 

Later Cort ( 1917) restudied the .species and observed their presence 
under high power of the microscope, Tanabe (1923) recorded minute 
spines covering the whole surface of the tail and body in the material he 
studied and other workers have demonstrated the same for C. douthitli. 

The flame cell pattern as given by Cort (1917) and Price (1931) is 
i the same as that given by Tanabe (1923). There are 5 pairs of body 

flame cells and 1 pair in the tail. Porter (1938) erroneously cited the 

Table 4 . — Comparative measurements, in millimeters, of Schistosomatium 
I cercariae as given by different authors 



Oort, 1914, 1917, 
mounted 

Tanabe, 192.3, 10 .speci- 
mens, 5% formalin 

Penner, present paper, 

7 of Tanabe’s mounted 
specimens 

Price, 1031, 25 .speci- 
mens, 10% formalin 

’C 

■ CJ 

S? 

o 

r-j 

U 

R tc" 

Q O 

(2 S 

*1* S 
« c o 

& 

c S 

O '■at 

o 

S ac 
in 0^13 
■ '“‘SwCS' 

S Efl ® 
a 

A*' o Ss • 

Penner, present paper, 
20 specimens, 10% for- 
malin. Oereariae from 
Stagnieola reflemi^^) 

Av. body 

.190 

.18 

.194 

.204 


.200 

.195 

leiigtli 




(.186- 

.24) 

(.115- 

.18) 

(.188- 

.240) 

(.186- 

.228) 

Av. body 
width 

.067 

.08 

.091 

(.06- 

.10) 

.068 

(.057- 

.081) 

(.068- 

.082) 

.072 

.074 

Av. tail 
stem 
length 

.220 

.23 

.170 

(.14- 

.18) 

.210 

(.186- 

.234) 

(.133- 

.220) 

.215 

.221 

Av. tail 
stem 
width 

.025 

(basal) 

.045 

.035 

(.17- 

.46) 

.025 

(.036- 

.043) 

.025 

,025 

Furcal 

rami i 

length 1 

.089 

.10 

.064 

(.038- 

.154) 

.096 

(.08- 

.11) 

(.06- 

.103) 

.092 

.095 

Head i 

organ 

length ! 

.057 

.05 

.059 

(.38- 

.74) 

.076 

(.067- 

.082) 

(.042- 

.045) 

.071 

.070 

Head 

organ 

width 1 

.045 

.047 

.062 

(.38- 

.77) 

.048 

(.038- 

.062) 


.046 

.047 

Acetabulum j 
diameter 1 

.025 

.024 

.028 

(.02- 

.035) 

.025 

(.019- 

.028) 

.03 

.025 

.025 

Eyespots 

.007 

.008 

.008 

(.007- 

.009) 

.007 

(.006- 

.009) 


.007 

.007 

(.006- 

.009) 

Pairs pene- 
tration 
glands 

4 (1914) 1 
5 (1917) 1 

3 

5 

5 (6) 

3 

5 

5 (6) 

Pairs flame 
cells 

-6 

(1917) 

6 

6 

6 

6 

6 

6 

Anterior 

spines 

Not ' 
desc. 
(1914) 
Desc. 
(1917) 

Present 

Pre,sent 

Present 

Present 

Present 

Present 
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cercariae of vS*. doiithitti as having 10 flame cells on each side of the body 
rather than 5, and used this as a difference between S. pathlocopticiim 
dcnd S. douthitti. 

In general Tanabe’s observations agree with Price’s very complete 
description of the cei'caria of S. douthitti. Measurements and other 
fundamental data are such as to indicate that Tanabe’s cercaria is C 
douthitti. Size, eyespots, spination, etc. are all in agreement with C. 
douthitti of other authors. In order to indicate the essentials without 
elaborate discussion Table 4 incorporates comparative measurements of 
Schist osomaiium cercariae as given by different authors and my mea- 
surements of Tanabe’s slide material. 

From Table 4 it can be discerned that the measurements of Tanabe’s 
mounted specimens and Tanabe’s own personal measurements are such 
as to conform to those given for the cercariae of S. douthitti. In Table 5 


Table S,— Measurements, in microns, of Tanahe's permanent cercarial mounts 



1 

2 

3 

4 

5’ 

6 

7 

Body length 

193 

192 

228 

217 

224 

154 

151 

Body width 

105 

98 

105 

102 

105 

63 

60 

Length head organ 

60 

59 

74 

70 

73 

39 

38 

Width head organ 

68 

70 

70 

70 

77 

42 

38 

Tail stem length ...... 

172 

140 

175 

154 

178 

182 

178 

Tail stem width. ...... 

35 

39 

38 

42 

46 

17 

25 

Fiircal rami length .... 

52 & 

38 & 

59 & 

67 & 

91 

49 & 

46 

56 

42 

68 

70 

154 

53 


Pureal rami width .... 

14 

14 

21 

21 

21 

7 

7 

Venti-al sucker length . . 

1 . 14 ■■ 

17 

28 

28 

28 

21 

21 

Ventral sucker width . . 

21 

21 

32 

35 

35 

28 

28 

Eyespots 

8 

9 

8 

8 

8 

8 

; ; 7 

Penetration glands .... 

5 pr ? 

5pr? 

5pr? 

5 pr? 

5 pr 


1 ' ? 

Penetration gland ducts 

5? 

5f 


» ? 

? 

5? 

' * 


the measurements in microns were used in determining the averages of 
the mounted cercariae on Tanabe’s permanent mount of the cercariae. 
The last tw^o columns are measurements of the specimens not excessively 
flattened and still in the mounting fluid on the slide. The first five 
columns include the somewhat flattened specimens. 

The only other cercaria which may be placed in very close proximity 
with the Schist osomaiium material of North America and South Africa 
is Cercaria ''C' Kemp, 1921, knowledge of which is confined to data from 
preserved material. The latter material from India was placed in 
Miller’s (1924) apharyiigeal brevifurcate distome cercariae Group C 
{douthitti of Sewell, in part), along with C. douthitti and the cercaria of 
S, pathlocopticum. 

Emergence of cercariae from the snail host, Tanabe (1923) ob- 
served great numbers of the cercariae of S. pathlocopticum discharged 
daily from infected snails into the surrounding water — especially on 
cloudy days and nights, or in clear, recently renewed vrater.” My obser- 
vations and the observations of other authors on C. douthitti fit the obser- 
vations of Tanabe in these respects. For example Penner (1940) 
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found that on one very dark day, cercariae of S. douthifti from one Stag- 
nicola reflcxa (Say) emerged at 3: 30 P^M’, whereas on other fair days, 
emergence occurred from 5 : 30 to 9: 30 PAL Cort and Talbot (1936) 
found that cercariae of S. douthifti began to escape from their snail hosts 
from 8 : 30 to 9 : 30 PAI and that almost all that would escape during a 
24 hour period would be out within an liour. 

Behavior of the cercariae. According to Tanabe, not nearly such a 
large proportion of the cercariae of S. pathlocopticuin as of 3*. douthifti 
remain attached to the surface him during their free life. C. douthifti 
has been found by many authors to spend most of its free life attached to 
the surface film of the water ; nevertheless, on studying emergence, I 
have found C. douthifti free in the water, especially if the bottle is handled 
or jarred, although invariably the cercariae are later attracted to the 
surface film. It is quite a common occurrence to note the cercariae free 
in the ^vater, especially after a change of water on the infected snail. 
These observations on C. douthitti are quite in agreement with Tanabe’s 
observations on what he believed to be a new species. 

RESULTS OF INVESTIGATIONS ON THE PRESENCE OF DERMATITIS- PRODUC- 
ING SCHISTOSOME CERCARIAE IN EASTERN MASSACHUSETTS 
DURING THE SUMMER OF 1940 

As the cercariae of S. douthitti are known to produce schistosome 
dermatitis or water itch, and Tanabe’s species is really S. douthitti, 
eastern Massachusetts already has one schistosome cercaria which can 
produce water itch. Although other schistosome cercariae have been 
reported from Massachusetts (Rankin, 1939) none is known to be a 
dermatitis producer. 

Since the main purpose of my study of dermatitis-producing schisto- 
somes in eastern Alassachusetts was to straighten out Tanabe’s material, 
it was considered advisable to collect fresh- water snails in .areas reported 
by Tanabe to contain schistosome infected snails. Although Tanabe 
indicated that his collections were made solely in the Back Bay Fens of 
Boston, Mr. W. J. Clench, Curator of the Aluseum of Comparative Zool- 
ogy at Harvard University, informed me that Tanabe made collections 
in different parts of eastern Massachusetts other than in the Back Bay 
Fens region. Because of this, my collections were extended to include 
accessible waterways that Tanabe might have reached, as well as to in- 
clude lakes and other areas where potential or real dermatitis problems 
might prevail. Likewise, collections were made in areas where Stagni- 
cola palustris (Muller) had been reported. This information was ob- 
tained from the distribution data of the Peabody Museum of Compara- 
tive Zoology Mollusc Collection at Harvard University. Information 
on the distribution of other snails which might be hosts of schistosome 
cercariae, was also obtained from these records. 
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Collections were made in various areas arbitraidly designated as fol- 
lows: Muddy River and Charles River Basin Area (Jamaica Pond 
through Ward’s Pond, Leverett Pond to the Charles River), Ham- 
mond’s Pond Area (Hammond’s Pond, Chestnut Hill Resei'voir, Lost 
Pond), Dedham Area (Charles River two miles on either side of Ded- 
ham, Motley Pond, Wigwam Pond, and Mother Brook), Newton Area 
(Newton, Newton Center, Newtonville, Charles River near Newton 
Upper Falls and Newton Lower Falls, and West Newton), Cambridge 
Area (Fresh Pond, Perch Pond, Little River, portion of Alewife Brook 
and several clay pits), Arlington and West Medford Area (Little Spy 
Pond, Spy Pond, lower portion of Alewife Brook, Upper and Lower 
Mystic Lakes), Wakefield Area (Crystal Lake, Lake Quannapowitt, a 
portion of Saugus and Mill Rivers, and Dark Meadows), Wellesley Area 
(Lake Waban, Morse’s Pond, Jenning’s Pond, and None Such Pond), 
Auburndale Area (Weston and Cambridge Reservoirs, Charles River 
from Auburndale to Waltham), and Cape Cod Area (Great Herring, 
Pickerel, Mashpee, Wakeby, Santuit, Lovell’s, Long, Shiverick, Sider’s’ 
Falmouth Dump, Sandwich Mill, Sandwich Fish Hatchery, and several 
other smaller unnamed ponds). 

Despite extensive collecting during July and August in the Back Bay 
Fens where Tanabe reported finding infected 5’. palustris, I was unable 
to collect this species of snail in that immediate region. That the snail 
or its eggs might be washed into the region is possible because 28 young 
and adult N. palnstris were collected at the anterior end of Leverett Pond 
and 1243 specimens were also taken in a small pool between Leverett 
and Ward’s Pond. After 1 to 3 days isolation in 8 ounce bottles with no 
schistosome cercariae appearing, the snails were crushed to determine 
whether larval trematode infections were present. All snails were nega- 
tive for schistosome cercariae. One hundred and forty of the area’s 
mo,st commonly observed snail, i.e., Viviparus malleatus (Reeve)— 
large imported operculate Japanese snail — were examined for trematode 
larvae but found negative. One Physella heterosfropha (Say) out of 
1757 collected and examined, was found to have an immature schisto- 
some infection. It was not how'ever of the Schistosomatium type but 
was similar to CGfcciTici physcllac Talbot, 1P36, and other closely related 
species known to be dermatitis producers. Collections of 215 Gyrmdns 
pm-VHs (Say), 200 Amnicola limosa (Say), 139 Helisoma trivolvis 
(Say), 123 Galba htmiilis modicella (Say), 108 G. umbilicata C. B. 
Adams, 65 Radix aurkularia (Linnaeus)— an imported European snail 
^^d 14 Rs€iidosuccifi€a colufii-alla (Say) were made from various areas 
along the Muddy River and upon resultant examination found negative 
for schistosome infections. 

Almost no snails were found in Hammond’s Pond Area with the 
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exception of Hammoiid’s Pond, Collections of 145 PhyscHa Jiciero- 
strophaj 8 Pseiidosuccmea columella, 9 Planorbula jenksii Carpenter, 
and 120 Gyraiilus parvus were made and on later exanii nation went 
found negative for schistosomes. 

The Dedham Area w^as found almost barren of snails with the excep- 
tion of several Pseud osuccinea columella in Wigwam Pond. These 
upon examination were found negative for schistosome infection. 

Collections in ail but one region of the Newton Area failed to reveal 
snails in significant number. xAn examination of 1000 Staguicola pains- 
tris and 2000 Physella heterosiropha from a small pond and stream iiear 
the crossing of Commonwealth and Walnut Avenues failed to i-eveal any 
schistosomes. Likewise, 124 Physella heterostropha and 65 Helisoma 
trwohns collected below Bullough’s Skating Rink Pond were negative 
for schistosomes. 

In the Cambridge Area many Viviparus nialleatus and V. contec- 
toides Binney — operculate imported Japanese snails — Physella hetero- 
stropha and a few Helisoma trivohis were collected from a pond on a 
golf course near Fresh Pond; 500 Stagnicola palustris from a small pool 
located near the Hills Crossing Station ; and a few Physella heterostropha, 
Viviparus malleatus, and Radix auricularia from Perch Pond in the 
vicinity of Little River. All of these snails were found negative for 
schistosome cercariae. 

In the Arlington and West Medford Area 500 Physella heterostropha 
were collected from Little Spy Pond, 250 Galha hiimilis modicella from 
a small brook draining into Little Spy Pond, 42 Physella heterostropha 
from Spy Pond, and 3 Stagnicola palustris from an outlet to a storm 
sewer on the east side of Lower Mystic Lake. All snails upon examina- 
tion were found negative for schistosome infections. 

In no region of the Wakefield xArea is an abundant snail population 
found. Twerity-^iyi Physella heterostropha were collected in Crystal 
Lake; a few P. heterostropha and Helisoma trivolvis from the Colonial 
Golf Club, 65 Physella heterostropha and 23 Pseiidosuccmea columella 
from Saugus and Mill Rivers. On examination all were found negative 
for schistosome cercariae. 

Snails were not abundant in any of the regions of Wellesley xArea, 
No schistosome cercariae were found in 126 Gyraiilus parvus and 38 
Physella heterosiropha collected on the Wellesley College side of Lake 
Waban nor in 46 Gyraulus deflectus (Say) collected in Jenning’s Pond. 

Snails were not found in sufficient numbers for collection in the 
Auburndale xArea. 

In the Cape Cod Area no schistosome cercariae were found in an 
examination of 251 Gyraulus deflectus (Say), 36 Amnicola limosa (Say) 
from Shiverick Pond; 231 Gyraulus deflectus (Say), 140 Physella 
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heterostropha (Say), 2 Lyogyrus pupoideus (Gould), 22 Amnicola 
limosa (Say), 340 HeUsoma antrosumf (Conrad), from Sider's Pond; 
145 Pseudosuccinea columella (S^ij), horn Dump Pond; 500 Phy sella 
heterostropha from the Sandwich Fish Hatchery Pond; or in 500 P. 
heterostropha from Mill Pond, Sandwich. 

DISCUSSION 

At the present time there is no recognized schistosome dermatitis 
problem in eastern Massachusetts. Extensive collecting in various 
freshwater areas has failed to reveal substantial evidence that there may 
be such a problem in the future. For such a problem to exist in any area 
there must be present in fair numbers a definitive host or hosts for the 
schistosome cercariae, a sufficient number of intermediate hosts infected 
with cercariae, and then the area must be used by human beings for 
swimming, wading or trapping (any occupation wherein the susceptible 
indivicluars skin conies in contact with dermatitis-producing schistosome 
cercariae). 

In many of the areas examined, the abundance of the proper snails 
has been markedly diminished or entirely eradicated by one or more of 
the following: (a) streams covered by oil for mosquito control or other- 
wise polluted by sewage, etc., (h) lakes and ponds prepared to serve as 
reservoirs (this entails building rock banks which prohibit the growth of 
water weeds, thereby resulting in a shortage of food for the intermediate 
and definitive hosts of the dermatitis producing schistosomes), (c) arti- 
ficial, covered channels for brooks and streams, (d) ducks and rats in 
large enough numbers to markedly decrease the snail population by using 
the snails for food. In other areas where the proper snails are present, 
there has been an apparent disappearance of the definitive hosts. Where 
both the intermediate and definitive hosts are found present there exists 
a minimum of wading or swimming. 

In the vicinity of the Muddy River and the Charles River Basin 
where Tanabe reported collecting Stagnicola palustris infected with 
schistosome cercariae in 1921 and 1922, this snail species no longer 
occurs. However, it is possible the snail or its eggs may be washed 
downstream from other areas at certain seasons of the year. No other 
reported intermediate host of S. douthitti was found in this or any other 
area. The only recognized definitive host found in the Muddy River 
area was the brown rat and Price (1931) and others have shown that 
the life cycle of Schistosomatium douthitti cannot be successfully com- 
pleted in rats because the eggs fail to break through the lumen of the 
intestine. 

Because snails in the various areas failed to reveal schistosome infec- 
tions, concentrated efforts were nOt made to trap definitive hosts. 
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Marine gastropods were not collected in the present survey but it is 
possible that in certain marine swimming beaches or bays, they may be 
infected with dermatitis-producing schistosome cercariae In niimbers 
sufficient to be a problem. 

SUMMARY 

1. A study has been made of five of Tanabe's preparations of Schis- 
tosomatiiim pathlocopticiim and, on a basis of morphological and experi- 
mental comparison, the species demonstrated to be a synonym of S'. 
doutlutti (Cort, 1914), the cercariae of which are known to produce 
water itch or schistosome dermatitis. 

2. Collections in the same areas where Tanabe (1923) found schisto- 
some cercariae in Stagmcola palustris (Muller) failed to reveal the inter- 
mediate host. Examinations of 2781 S, palustris collected in other areas, 
failed to reveal infections of schistosome cercariae. 

3. Extensive collecting of fresh water gastropods in 10 arbitrarily 
designated areas including waterways, lakes, and ponds where there is 
or could be swimming or wading in eastern Massachusetts, has failed to 
reveal a water itch problem. Examinations of 5837 Phy sella hefero- 
stropha (Say), 140 Vknparus malleatus (Reeve), 461 Gyraulus parvus 
(Say), 197 Ainnkola limosa (Say), 204 Helisoma trivolvis (Say), 373 
Galba humiUs niodicella (Say), 85 Lyninaea auricularia (Linnaeus), 
197 Psendosuccinea columella (Say), 340 Helisoma antrosumf (Con- 
rad), 9 Planorhida jcnksii Carpenter, 528 Gyrauliis deflectus (Say),* 
108 Galba umbilicata C. B. Adams, 2 Lyogyrus pitpoideus (Gould), 
from the various areas with one exception failed to reveal schistosome 
infections. 

4. One PJiysella heterostropha (Say) collected, had an immature 
schistosome infection which was not of the Schistosoinatium type but 
which was similar to Cercaria physellae Talbot, 1936, and other closely 
related species known to be dermatitis producers. 
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PHARYNGOSTOMOIDES PROCYONIS N. G., N. SP. (STRI-^ 
GEIDA) A TREMATODE FROM THE RACCOON IN 
NORTH CAROLINA AND TEXAS 



Reinard Harkema 

Zoology Department, North Carolina State College 

During the examination of twenty-three specimens of the raccoon, 
Procyon lotor lotor (L.) from North Carolina in the fall and winter of 
1939-40 and 1940-41, thousands of small strigeid trematodes were 
found in the small intestine of fourteen specimens. These appear to 
represent a new genus of the family Diplostomidae, subfamily Alari- 
INAE. Mr. Allen McIntosh and Dr. E. W. Price of the U. S. Bureau of 
Animal Industry kindly corroborated the diagnosis. Additional material 
from East Texas kindly lent by Dr. A. C. Chandler necessitated revision 
of this description which originally was made from young specimens. 
The name Pharyngostomoides is herewith proposed for the new genus 
with F. procyonis as the type species. 

Pharyngostomoides n. g. 

Generic diagnosis: Family Diplostomidae : subfamily Alariinae: Body small, 
forebody broader and longer than hind body; pseudosuckers present; prosthetic 
glands usually present; holdfast organ slightly longer than broad. Oral sucker 
weakly developed, approximately the same size as ventral sucker. Ovary in posterior 
part of forebody/anterior to and smaller than testes. Mehlis’ gland and vitelline 
reservoir between ovary and testes at junction of anterior and posterior segments. 
Uterus extending into mid-portion of holdfast organ. Testes approximately equal 
in size, usually ovoid, smooth to irregular in outline situated side by side in posterior 
segment. Genital cone present ; genital atrium small, dorsal, subterminal. A deep 
dorsal furrow present in young specimens. 

Type species: Pharyngostomoides procyonis n. 

Pharyngostomoides procyonis n. sp. 

(Figs. 1-10) 

Description: Body small, 0.4~1.8 mm in length; forebody spinose, scoop-shaped 
with lateral and posterior margins folded ventrally, longer and broader than hind- 
body in relaxed specimens (0.314.1 x 0.29-0.82 mm) often flexed dorsally; hindbody 
(0.17-0.89 X 0.19-0.63 mm) more or less conical. Oral sucker terminal, slightly 
broader than long (0.0384.120 x 0.046-0.150 mm) . Pseudosuckers well developed, 
incupped in young specimens, protruding ear-like in older ones ; with numerous fine 
ducts opening into them connecting with paired masses of unicellular glands lying 
laterally between levels of pharynx and ventral sucker, sometimes meeting in mid- 
line dorsal to pharynx; these glands in some specimens stain deeply and constitute a 
striking character, but in others they appear unstained and refractile, and are some- 
times barely discernible. Ventral sucker (0.058-0.120 x 0.66-0.140 mm) approxi- 
mately same size as oral sucker; never raised above surface of body; between ante- 
rior margin of holdfast organ and intestinal fork; usually partially covered by 
holdfast organ or completely obscured by it. Holdfast organ well-developed (0.140- 
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0.410 X 0.145--0.40() mm) slightly longer than broad; surface directed antero-ven- 
trally with longitudinal slit-like opening in center. Prepliarynx very short ; pharynx 
(0.033-0.095 X 0.029-0.080 mm) usually contiguous with oral sucker; esophagus 
short, bifurcation anterior to ventral sucker ; ceca extend to behind testes, gradually 
passing from dorsal side of forebody to ventral side of hindbody. Vitellaria follicu- 
lar, distributed in forebody from acetabulum posteriorly to level of anterior margins 
of testes; slightly penetrate holdfast organ; in lateral margins extend to beyond 
level of acetabulum ; not continuous ventrally in posterior region in older specimens 
(Fig- 9). 

Testes variable in position, shape and size (Fig. 10) ; usually situated side by 
side in anterior part of hindbody but in 8 or 10 specimens of several hundreds ex- 
amined either testis may be displaced backward; usually contiguous or close to- 
gether but occasionally separated by width of testis; shape varies from spherical to 
long oval; size varies 0.128-0.385 mm in length and 0.089-0.240 mm in width. Right 
vas efferens arises from the medio-ventral surface of right testis, left vas efferens 
arises from the medio-anterior surface of its testis; vasa efferentia enter separately 
posterior surface of seminal reservoir ; latter a confused mass of coils in front of 
ovary and between it and Mehlis’ gland. Vas deferens arises from ventral side of 
reservoir and proceeds posteriorly between ventro-medial surfaces of opposite testes 
to behind latter where it becomes convoluted to form seminal vesicle; latter dis- 
charges usually through muscular ejaculatory pouch which is conspicuous in some 
specimens but not in others; ejaculatory duct unites with descending limb of uterus 
at base of genital cone. Latter often protruding beyond surface of body, thus 
obliterating greater part of small genital atrium. Cirrus protrusible. 

Ovary small, reniform from ventral view, transversely elongated (0.035-0.120 X 
0.078-0.190 mm), situated dorsally in posterior part of forebody. Oviduct arises 
from dorso-posterior side of ovary, extending posteriad, receives common vitelline 
duct upon entrance into posterio-dorsal side of Mehlis’ gland. Laurer’s canal pres- 
ent; oviduct-ampulla-like at its junction. Mehlis’ gland and vitelline reservoir 
between ovary and testes often contiguous with anterior median borders of testes. 
Oviduct pursues sinuous course through Mehlis’ gland emerging as ascending limb 
of uterus which continues anteriad past ventral surface of ovary to mid-portion of 
holdfast organ. Descending limb passes posteriad in mid-ventral plane to unite with 
more dorsal ejaculatory duct and empties with latter at tip of genital cone. Vitelline 
ducts extend posterior-mesad to ventral surface of vitelline reservoir; latter extends 
ventro-dorsad discharging on its dorsal side by common vitelline duct into posterior 
end of oviduct. 

In young specimens a deep crescentic furrow present just anterior to genital cone 
on dorsal side; in older specimens this furrow becomes part of genital atrium. Eggs 
1 to 35 in number, measuring 0.082-0.093 x 0.055-0.060 mm. Excretory pore ter- 
minal. Nerve strand on each side extends posteriad from region of pharynx, lateral 
to intestinal ceca. 

Host: Procyon lofor lotor (Linnaeus). 

Habitat: Small intestine. 

Locality: Wake County, Raleigh, North Carolina; Martin and Pasquotank 
Counties, North Carolina; Angelina County, Texas. 

Specimens: U. S. Nat. Mus. Helm. Coll. Nos. 44850 (Type) and 44851 (Para- 
types) of R. Harkema. Also Nos. 44932 and 44933 of A. C. Chandler. 

Comparatively few strigeids have been reported from animals of the 
family Procyonidae. La Rue and Townsend (1927) described Alaria 
nasuae from Nasua nasica and later mentioned (1932) that an unidenti- 
fied strigeid had been obtained from the raccoon. Morgan and Waller 
(1940) reported a case of severe parasitism of a raccoon. Several differ- 
ent species of parasites were found including several specimens of Fibri- 
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cola cratera (Barker and Noll, 1915). Fibricola laritei from tlie raccoon 
ill Canada was described by Miller ( 1940) . Chandler (1942) found 
Fibricola texensis Chandler, 1942, infecting raccoons in east Texas. 

The combination of prosthetic glands, opposite testes and dorsal fur- 
row justify the erection of a new genus. The variability of these charac- 
ters possibly may militate against this viewpoint. However, only a very 
few specimens out of hundreds examined showed any marked shifting 
of the testes. The conspicuousness or obscurit}^ of the prosthetic glands 
suggests the possibility of variation in the metabolic activity of these 
glands and their development may be influenced by the age of the flukes. 
These glands and the dorsal furrow show similarities with Sphincfero- 
diplostomiim musculosMs where the pseudosuckers present the same ap- 
pearance as in Pharyngostomoides procyonis but the glands are more 
diffuse. The crescentic dorsal furrow is represented by a tubular invagi- 
nation with a sphincter, 

Dubois (1938) lists the genera H /arm, Cynodiplostonium, Fibricola, 
Pharyngostomum/Podospathalm^^^ as members of the sub-family AuARr- 
INAE. Pharyngostomoides possesses characters which separate it from 
these genera. It obviously is different from the aberrant Podospathalmni. 
It can be separated from Cynodiplostomum by its smaller size, ventrally 
folded posterior margin of forebody, presence of a prepharynx and esoph- 
agus, prosthetic glands, distribution of vitellaria, relatively larger hold- 
fast organ, and in the position of ovary and testes, Fibricola and Alaria 
both have the testes arranged tandemly ( the former possesses no pseudo- 
suckers and in Alaria the holdfast organ is more elongate and there are 
no glands. Pharyngostomiini is the only previously descidbed genus of 
Alariinae which has opposite testes in the hindbody. Its very large 
pharynx, very large piriform holdfast organ, absence of pseudosuckers 
and larger size validate its separation from Pharyngostomoides, 

Bibliography 

Chandler, A, G. 1942 The morphology and life cycle of a new strigeid, Fibricola 
texensls, parasitic in raccoons. Tr. Am, Micr. Socr. 61: 

Dubois, G. 1938 Monographic des Strigeida (Trematoda). Mem. Soc. Neuchatel. 
Sc. Nat. 6 : 1-535. 

La Rue, G. R. and E. W. Townsend 1927 Studies on the trematode family 
Strigeidae (Holostomidae). Alaria nasime sp. nov. J. Parasitol. 14: 124. 

1932 A morphological study of Alaria nasuae La Rue and Townsend 

(Trematoda : Alar iidae). Tr. Am. Micr. Soc. 51: 252-263. 

Miller, M. J. 1940 A new trematode, Fibricola laruep from the raccoon in 
Canada. Canad. J. Res. 18 (D) : 333-335. 

Morgan, B. B. and E. F. Waller 1940 Severe parasitism in a raccoon (Pro cyan 
lotor lotor, Linnaeus). Tr. Am. Micr. Soc. 59: 523-527. 



120 


THE JOURNAL OF PARASITOLOGY 



Explanation of Plates 
Pharyngostomoides procyonis n. ^ 
Abbreviations 


cvd — common vitelline duct 
ejp— ejaculatory pouch 
exp — excretory pore 
gc — genital cone 
hf— holdfast organ 
int — intestinal cecum 
Ic — Laurer’s canal 
Ivd — left vitelline duct 
mg — Mehlis’ gland 
oot — ^odtype 
ov — ovary 
ovd — oviduct 


rvd — right vitelline duct 
sr — seminal reservoir 
sv — seminal vesicle 
tr — right testis 
iita — ascending limb of uterus 
utd— descending- limb of uterus 
vd — vas deferens 
vel — left vas efferens 
ver — right vas efferens 
vit — vitelline follicle 
vr— vitelline reservoir 


Plate II 

(Drawn by A., C. Chandler) 

Ventral view of older specimen. 

Specimen showing arrangement of vitellaria and extruded cirrus. 
Variety of sizes and shapes observed. 
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THE BIOLOGY AND CULTURE OF NEOAPLECTANA 

A NEW NEMATODE 
PARASITIC IN INSECTS' 


R, W. Glaser, E. E. McCoy, and H. B. Girth 

A few years ago a number of corn ear worms (Pleliothis arniigera) 
near Moorestown, New Jersey, were found dead and dying from a condi- 
tion which on examination proved to be due to nematode parasitism,^ 
Later the present writers found the same nematode parasitic in Japanese 
beetle (Popillia japonica) larvae. From 1937 to 1940 this parasite was 
found among the beetle larvae in 14 places distributed among 9 counties of 
New Jersey and in one locality in Maryland. In all these places this 
nematode seemed to represent the only helminth parasite present and was 
apparently causing a considerable reduction in the host population. 
Specimens of the nematode were submitted to G. Steiner of the Bureau of 
Plant Industry, United States Department of Agriculture, who stated that 
the form represented a new species of the genus Neoaplectana. He will 
shortly publish a description of this and other new .species and a key to 
all known forms of the genus Neoaplectana. Steiner furnishes the 
following diagnosis which is published here with his permission, the name 
of the species being derived from the Greek word meaning 

useful. 

Neoaplectana chresinia Steimr 

'‘Diagnosis: Neoaplectana resembling N. glaseri Steiner, 1929 (1), but the 
adults of both sexes different by a sharply set off, often mucronate, tail terminus, 
by an excretory pore opening much closer cephalad, i.e., at a latitude near the middle 
of the corpus of the esophagus or at about one-third of the total length of the 
esophagus. Spicula proximally capitate and curved outward. Arrangement of male 
copulatory papillae somewhat different. Larvae with four equidistant longitudinal 
striae on lateral fields, tail elongate-conical, terminus not set off, the phasmids 
located near middle. 

“Type host: Heliothis arniigera Hbn. 

“Type locality: Moorestown, N. J., U. S. A.” 

Our studies showed the life cycle of N, chresima to be similar to that 
of N. glaseri (2) . The adults of N, chresima are somewdiat like N. glaseri 

Received for publication, April 30, 1941, 

^A study conducted cooperatively by the Rockefeller Institute for Medical 
Research, Princeton, N. J., the New Jersey Department of Agriculture, and the 
United States Department of Agriculture. 

- On November 26, 1934, Dr. W. H. Larrimer of the Bureau of Entomology and 
Plant Quarantine collected three diseased pupae of the corn earworm (Heliothis 
arniigera Hbn.) from the soil in an outdoor hibernation cage at Moorestown, New 
Jersey. These were examined by Dr. Vera K. Charles of the Bureau of Plant In- 
dustry, who found them to contain a large number of nematodes and transmitted the 
material to Dr. G. Steiner of that Bureau for further examination. Steiner pro- 
nounced them to be representatives of a new species of the genus Neoaplectana. 
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but smaller. As in the latter species the females are ovoviviparous, but 
each produces between 250 and 400 young in contradistinction to N* 
glaseriy generally produces approximately IS young. (Certain 

rare “giant^’ females of N. glaseri may produce as many as 1400 young 
(3) .) At first it was thought that N. chresima females were oviparous as 
well as ovoviviparous because free embryonated ova were often found. 
After careful study, however, it was concluded that while such free em- 
bryoiiated ova may develop normally they were derived from mature fe- 
males that ruptured in a non-isotonic solution. In an isotonic solution free 
ova are not obtained, and At. chresima females then give birth only to liv- 
ing young. The larval forms are smaller than the corresponding stages in 
N. glaseri. The infective stage and the adults are more sluggish. The sec- 
ond-stage N. chresima larvae ensheath more rapidly than is the case with 
At. glaseri. Dead Japanese beetle larvae parasitized by N. chresima rarely 
smell badly, and when they do the parasites are usually dead. In general, 
the grub cadavers a'ssume a dirty dull yellow color in contradistinction 
to an ocherous brown color of those parasitized by N. glaseri. In the 
former case the larval contents become quite viscid and of a dirty yellow 
hue. In the latter the contents are more fluid and of a clear brown color. 
When Japanese beetle larvae are experimentally exposed to soil or food 
contaminated with N. chresima they die in about 4 days. 

Other hosts experimentally infected with N. chresima were the 
grasshopper {Melanophis s^.), the European corn hortr {Pyrausta 
niihilialis) , the corn earworm {Heliothis armigera) , and catalpa sphinx 
caterpillars (Cerafomia catalpa). In one of these experimentally infected 
catalpa sphinx caterpillars the nema reproduced to such an extent that 
at death 1,140,000 second-stage larvae were counted. 

It was important to know whether N. chresima could be cultured 
on artificial media as is the case with W. glaseri (2), Occasionally 
N. chresima would show slight development in some particular medium, 
but it could not be carried through a second transplant. Such cultures 
often smelled badly, and it was assumed that bacteria were responsible 
for the failures. Second-stage larvae of N. chresima were then subjected 
to a sterilizing process descidbed in 1940 (4, S). After the nemas were 
bacteria-free they grew well on pieces of fresh, sterile rabbit kidney 
and survived in transplants. 

The method was the following. A piece of kidney weighing one or 
two grams is placed in the water of condensation at the bottom of an ordi- 
nary nutrient agar slant after which the surface of the tissue is inoculated 
with the nematodes. To prevent evaporation the cotton plug of the 
tube is trimmed and pushed down, and the surface covered with sealing 
wax. By means of a hot wire a small perforation is later made through 
the hardened wax. All tubes are held in a slanted position and 
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incubated at room temperatures, 22-28° C. The nutrient agar is not a 
necessary nutritional constituent. Kidney alone suffices, but under the 
conditions described above the slanted agar affords a surface upon which 
the nematodes can migrate when they are impelled to do so. Some of 
these sterile cultures of N, chresima have been maintained for about two 
years and are to date in their 28th transplant. Transplants may be made 
at intervals of one to three months. 

Recently an autoclaved medium has been devised which gives excel- 
lent growth and, because it can be more cheaply prepared in larger 
amounts, has replaced the older fresh rabbit tissue method. This medium 
is a semisolid gel at pH 7.0, in the proportion of 20 gm ground beef kidney 
or liver, 100 ml water, 0.5 gm sodium chloride, and 0.5 gm agar. This is 
autoclaved and may be stored for two weeks prior to use. It may be used 
for iV. glaseri as well as for N. chresima, although it is not the substrate 
which is usually employed for the former species. Since both species are 
aerobic they develop on and near the surface of the semi solid gel. This 
gel offers enough resistance so that the nemas do not perish by sinking 
and further obtain enough foothold, so to speak, to effect their molts. 
Every two days the flasks containing the cultures are gently shaken to 
bring fresh nutrients from the lower layers to the surface. Under these 
conditions the cultures ordinarily reach stability in about 15 to 30 days, 
depending upon the amount of medium, the number of nemas initially 
used as inoculum, and fluctuations in the daily temperatures. When the 
cultures have reached stability no further increase in numbers is obtained 
on longer incubation and the dominant form is the infective larva. 

A comparative count on the above medium for N. glaseri and N. 
chresima follows. Fifty ml of medium were itsed throughout, and the 
flasks w^ere initially inoculated with approximately 10,000 infective forms 
of N, glaseri or K. chresima respectively. The final counts (recorded 
below as the average of 5 separate samples) were made in 23 days, at 
which time these cultures had reached stability. The cultures -were free 
of all microorganisms, as comprehensive sterility tests showed. 

Nutrient in 
medium 
Beef liver . . 

Beef kidney 
Beef muscle 

The above test shows that the two species grew well on both liver and 
kidney but not at all on beef muscle. The counts on the last nutrient, 
within the experimental error, indicate no increase above the number 
initially introduced. 

In 1940 (5) the importance of sterility was emphasized in rearing M. 


Final count for 
Ah glaseri 

538.000 

428.000 
18,000 


F mai count tor 
N. chresima 

522.000 

386.000 
6,000 
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glaseri to obtain the maximum yield. As regards N, dire sima^ no growth 
is ordinarily obtained when contaminants are present. However, in the 
presence of one bacterium a number of strains of N, diresinia have de- 
veloped and have consistently yielded cultiu*es on transplantation. This 
contaminant is a nonputrefactive, nonsporulating, gram negative, motile 
bacillus originally derived from the soil. Cultures of N. chresima asso- 
ciated with this seemingly innocuous bacillus are not so luxuriant as are 
the sterile cultures. The data below illustrate this point. The experi- 
ments were performed as previously described except, that a smaller 
amount of medium and a smaller nema inoculum were used. 

Final counts for N. diresima cultures 
(Nutrient in medium is beef liver.) 

Contaminated with 
one bacterial species 
199,000 

14.000 

86.000 

The sterile cultures of Nr diresima have now been carried by trans- 
plantation for two years, and those contaminated with the one bacillus for 
one and one-half years. For future physiological studies, an attempt 
is now being made to adapt iV. diresima to liquid nutrients such as the 
nutrient solution for N, glaseri described in 1940 (S) . 

No field tests, to appraise the economic possibilities of N. chresima, 
have as yet been attempted. 

SUMMARY 

A new nematode, preliminarily described by Steiner as a new species, 
Neoaplectmia chresima, was found naturally parasitic in two species of 
insect hosts, and five additional species of insects were found to be sus- 
ceptible to experimental infection. Certain biological differences between 
N. chresima and N, glaseri are briefly outlined. The sterile culture of 
N, chresima is described and the deleterious effects of contaminants 
emphasized. 
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SOME MOSQUITO HOSTS TO AVIAN PLASMODIA WITH 
SPECIAL REFERENCE TO PLASMODIUM 
GALLINACEUM^ 

Paul F. Russell and Badri Nath Mohan 

Brumpt (1935) described Plasmodmm gallinaceitm and later (1936 
a, b) reported experimental transmission to fowls and certain other birds 
by Aedes aegypti and x4edes albopictiis {p^alhopicta”) . No development 
of the parasite occurred in Cidex jatigmis. Roubaud et ai (1939) re- 
ported complete development of this plasmodiiim m A'ides geniculat us, 
a tree-hole breeder of France. 

Huff ( 1932) reviewed the literature in reference to mosquitoes found 
susceptible to avian malaria, irrespective of Plasmodium species (exclud- 
ing, of course, P. gallinaceum) and compiled the following list : 

Culex ( Culex) gtiinquefasciatus Say 
Ciilex ( Ciilex) pipiens Linn. 

Culex {Culex) hortensis'FicAbi 
Ctdex {Ctdex) territans^Aker 
Cldc X (Cidex) salinarius Co(i. 

Culex (Ctdex) tarsalis Coq. 

Aedes (Stegomyia) aegyptihirm^ 

Aedes (0 elder otatus) mariae'Ed, Serg. 

Aedes (Ochlcrotatus) communis 'Dt Geer 
Aedes (Finlaya) triseriatus Sd.y 
Culicella longeareolata Macq. 

Anopheles (Myi:iomyia) suhpictus Grassi 

Nono (1932) Lutsia jitscanaWltd, [Culex (LutAa) fuscana- 

nus Wied.] to this list. Reichenow (1932) demonstrated the suscepti- 
bility of Theobaldia aunulata. Herman (1938) added Aedes sollidfans 
and Theobaldia melaneura. 

We have found the following species to be suitable hosts for P. 
praecox, of local sparrows, in our laboratory : 

Culex (Culex) bilaeniorhynchus Gihs, 1901 
Ctdex (Culex) gelidtisT^to,, 1901 
Ctdex (Culex) whitmorei (Giles) 1904 
Culex (Ctdex) theileriThto,, 1903 

The chief purpose of this note is to record the development of P. gal- 
linaccmn in several other species of mosquitoes found in the Nilgiris area 
of Madras Presidency, India. The strain of P. gallinaceum used origi- 

Received for publication, May 14, 1941. 

1 These studies were made under the auspices and with the support of the Inter- 
national Health Division of The Rockefeller Foundation co-operating with the Pas- 
teur Institute of Southern India at Coonoor, Nilgiris, and with the Madras Provin- 
cial Health Department. 
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nated in Ceylon and was sent to the authors by courtesy of Lt.-Col. H. E. 
vShortt, I. M.S., Director of the King Institute of Preventive Medicine, 
Guindy, Madras. The infections in these mosquitoes were developed in 
connection with a study of sporozoite agglutination reported elsewhere 
(Mulligan et ah 1940; Russell et ah 1941) . 

Complete exogenous development of P. gallinaceiim has been observed 
b}'" us in the following species fed on infected domestic fowls 

Armigcres (Armigeres) obturbans (Walk.) 1860. 

Breeds mostly in cut bananas, but also in tree holes, cut bamboos, and 
domestic water, often very foul. 

Armigcres {Armigeres) kuchingensis Edwards, 1915. 

Breeds in cut bananas and bamboos. 

Armigeres {Armigeres) aureolineatus Leicester, 1908. 

Breeds in cocoanut shells. 

Acdes {Stegomyia) aegypti (Linn.) 1762. 

Breeds in domestic water in artificial containers. 

Acdes {Stegomyia) albopictus (Skuse) 1894. 

Breeds in tree holes, cut bamboos and bananas, cocoanut shells, and rarely in 
domestic water. 

Acdes {Stegomyia) unilineatus (Theobald) 1906. 

Breeds in tree holes. 

Acdes {Stegomyia) pseudalbopictiis Borel, 1928. 

Breeds in cut bamboos, cocoanut shells. 

Acdes {Stegomyia) vittaHis (Bigot) 1861. 

Breeds in tree holes, rock pools, cocoanut shells, and domestic water. 

Aedes {Stegomyia) scutellaris (Walker) 1859. 

Breeds in tree holes, cocoanut shells, and domestic water. 

Acdes {Finlay a) pseudotaeniatus (Giles) 1901. 

Breeds in tree holes, rock pools, domestic water. 

Aedes {Finlaya) chrysolineatus (Theobald) 1907. 

Breeds in tree holes, cut bamboos, rock pools, and domestic water. 

A'Mes {Fmlaya) pallirostris 1922. 

Breeds in rock pools and tree holes. 

(Specific names from Barraud, 1934). 

We have failed in repeated attempts to obtain development of P. 
galUnacetim in the following species : 

(Cw/r.r) /a%anj Wiedemann, 1828. 

Culex {Cule.v) mimeticns Not, 1899. 

Culex {C%lex) bitaeniorhynchus Q\h.sA9^1. 

Anopheles stephensi Liston 

Anopheles ]cyporiensis] 2 cmts, 1992. 

All mosquitoes after feeding on infected fowls were kept in an insec- 
tary where temperature was maintained between 70° and 85 °F and rela- 
tive humidity between 75 and 85 per cent. Sporozoites in all susceptible 
species were seen after incubation periods of from 9 to 12 clays. 

Four species, Armigeres obturbans, Armigeres kuchingensis, Aedes 
albopictus, and Aedes aegypti, were found most suitable for the develop- 

2 Our diagnoses of species have been confirmed by courtesy of Dr. 1. M. Puri, 
Entomologist, Malaria Institute of India, Delhi. 
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ment of very heavy sporozoite infection of salivary glands. The /fn/if- 
geres species would feed on fowls at any time during daylight but espe- 
cially well in the afternoon. The Aedes species fed most avidly in the 
morning but would also feed at other times, even at night. Insectary 
colonies of obhtrbans and albopictus have been maintained without 
difficulty. 
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A SIMPLE APPARATUS FOR DETERMINING THE VIABIL- 
ITY OF EMBRYONATED HELMINTH OVA 

Robert L. Butler, Jr., and Reed O. Christen.son 
Zoology-Entomology Department, and the Alabama Agricultural Experiment 
Station, Auburn, Alabama 

One of the major problems confronting workers in making studies on 
the effects of such agencies as chemicals, heat, cold, u]tra-^'iolet radia- 
tion and ultra-short radio waves (Hertzian waves) on helminth ova has 
been the application of a suitable test for viability. It is easy to subject 
unembryonated eggs to chemical and physical variants and to use subse- 
cjiient development as indicative of life. If the ova are embryonated, on 
the other hand, the problem is more complicated, since the only^ suitable 
test is motility^ Without some external stimulation the encapsulated 
larvae may remain quiescent for long periods causing the observer to 
spend many hours at the microscope before an accurate pronouncement 
can be made. This is especially true in longevity experiments during 
which the natural activity of the embryo decreases with the increase in 
the time of incubation. The method described below activated eggs of 
Heterakis gallinae and Ascaridia galU from cultures nearly two years 
old, and allowed making a rapid determination of viability on a large 
series. 

Before the development of the apparatus described below, various 
unsatisfactory methods were used in attempting to stimulate activity on 
the part of embryonated eggs; including electric shock, exposure to 
strong light i*ays, and placing the eggs in an electric oven before pre- 
paring them on slides for observation. The results were so variable as 
to render these methods unreliable. A modification of the Lamson- 
Brown (1938) technique was then tried, with slide preparations being 
placed over a beaker containing steaming-hot water. This gave fair re- 
sults, but the condensation of water on the slide required wiping it; often 
the ova were killed by too intense heat, and very often the larvae, if stimu- 
lated to activity by the process, apparently returned to quiescence before 
observation was made. 

The method which gave the basic idea for the apparatus described 
below produced excellent results, activating larvae to observable motion 
even in the oldest cultures in the laboratory. A piece of copper wire 
about six inches long was coiled at one end, the coil being somewhat less 
in diameter than the aperture in the stage of the microscope and open in 
the center to admit the light from the condenser. The wire was then 
bent at an obtuse angle about one inch from the coil, and the coil angled 

Received for publication, May 20, 1941. 



132 


THE JOURNAL OF PARASITOLOGY 


in the opposite direction to the same degree. The instrument thus 
formed had an open sigmoid shape, the wire handle and heating coil being 
parallel. Slide preparations were placed on the microscope, a suitable 
ovum selected microscopically, and the condenser lowered about one 
inch, the light being adjusted to give good visibility. The coil was then 
heated over a burner until red and applied through the stage aperture to 
the slide. 

Even though heating the ovum from below with a hot wire gave the 
desired results there were some obvious difficulties to the method. Often 



Fig. a. Apparatus to determine the viability of helminth eggs. Side view. 
(1) Electric cord plug; (2) Socket for 150-Watt bulb; (3, 3') Wooden support: 
(4) Knife-blade switch; (5) Glass tube supports of the heating element; (6) High 
resistance heating wire; (7) Copper wire leads to heating element; (8) Celluloid 
cap over the naked wire junctions. 

the hot wire came into contact with the stage, and occasionally the glass 
parts of the microscope were touched. Sometimes the slide dried rapidly 
preventing sufficient observation. To obviate these difficulties a simple 
electric heating element was devised (Figs. A and B) which gives excel- 
lent results, viable embryos being stimulated to activity in a very short 
time. The apparatus is cheap in construction, and saves many hours of 
tedious observation wffien a large series of cultures is to be tested. 

The equipment needed is about 5 feet of ordinary electric light cord 
attached to a socket plug ; a ISO-Watt standard bulb and a socket ; 3 feet 
of #18 copper wire ; a few inches of #30 high resistance wire for the 
heating element; a standard knife-blade switch; two pieces of thick- 
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walled, high melting-point glass tubing with an inside dianieter of 1 mm ; 
two blocks of , wood to serve as a. support, and the necessaiy screws to 
attach the socket and switch to their respective supports. 

The socket with the 150- Watt light bulb and the switch are con- 
nected in series to the light cord. The two glass rods are cut into 
lengths of i0-| inches and bent at right angles about 34- inches from the 
end. Careful, uniform heating of the tubes must be applied so as not to 
reduce the inside diameter in the bent area. Two lengths of copper 


Fig. B. Front view of viability testing apparatus showing the heating element 
(6) in position. The parts of the apparatus are numbered as in Fig. A. The wiring 
is indicated by heavy lines. 

wire are cut, each 12 inches in length, and the insulation removed. 
These are threaded through the glass tubes from the long end. Since 
the wire used nearly fills the glass conduit it must be worked through 
slowly, with constant twisting, until about inch projects from the short 
end from the angle. The high resistance ware (about 2 inches long) is 
then soldered into place on the protruding ends of the copper wire using 
acid core solder, the two copper wires thus being joined, and insulated in 
glass. The glass rods are inserted at the desired height by the long end 
from the angle into the upright of the stand formed from the two wooden 
blocks. By careful choice of bits for boring the holes a snug fit for the 
glass tubes results so that no additional support is required. The free 
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HELMINTHS OF TREE SQUIRRELS IN SOUTHEAST TEXAS 


Asa C Chandler 

Biological Laboratory, Rice Institute, Houston, Texas 

In cooperation with Mr. Rollin H. Baker, Field Biologist of the 
Texas State Game, Fish and Oyster Commission, engaged in ecological 
studies of native fur animals in southeast Texas, 12 fox squirrels, 
niger rufiv enter, and 4 gray squirrels, Scmrus carolinemis caroUnensis, 
from Angelina, Hardin and Trinity Counties in southeast Texas were 
examined for helminths. One additional specimen from the Rice Insti- 
tute campus was examined, and is included in the percentages of para- 
sitic infections mentioned below. No significant differences were noted 
in the parasitic fauna of squirrels from the several localities represented. 

Members of the genus Sciurus, as far as can be judged from the 
literature, are not often heavily parasitized, and the parasites reported 
vary widely from place to place. In HalFs (1916) monograph on nema- 
todes of rodents, Trichostrongylus delicatus was the only nematode re- 
ported from squirrels in North America, and it was described as a new 
species. Heligmodend^^^^^ hassaUi (Price, 1925) is the only helminth 
so far found to be prevalent in tree squirrels in this country. First re- 
ported from Maryland, it was found by Flarkema (1936) in over 90 fo 
of gray squirrels (Schmis carolinensis) in North Carolina and is here 
reported from every specimen examined of both gray and fox squirrels 
from East Texas. It is presumably widely distributed in the southern 
states. Several kinds of larval tapeworms have been reported from tree 
squirrels both in this country and in Europe, but RailUetina (Raillietina) 
bakeri herein described is, so far as I am aware, the only adult tapeworm 
3^et described from Sciurus in North America; in Europe Catenotaenia 
dendritlca, a member of the family Dilepididae, is a familiar parasite of 

Table 1. — Helminths of tree squirrels in southeast Tesas 


Sciurus niger 
rufiventer 
13 examined 


Scmrus carolinensi- 
carolinensis 
4 examined 


Cestodes 

Raillietina (R.) takeri . 
Cysticercus tenuicollis . . 

Nematodes 

Strongyloifles roMsUis . 
Heligm odendrinni hassaUi 

Microfilaria alpha 

Microfilaria heta 


Two of the gray squirrels and two of the fox squirrels examined were yoiinj 
four of these animals were free of all helminths except Heligmodenclriuni hassaUi, 
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squirrels, and a Hyiuenolepis (H. myoxi sciurina) has been reported 
from these animals in Europe and Asia. No trematodes, so far as I am 
aware, ha^^e hitherto been found in tree squirrels, nor were any found in 
the present investigation. 

More detailed data on the helminths found, with descriptions of the 
new species, follow. 

RailUetina (RaUlietina) bakeri n. sp. 

(Figs. 1-3) 

Delicate worms reaching length of about 60 mm v.6th maximum width of about 
1.2 mm. Scolex 250 to 375 ii in diameter, broadest at middle, and without sharp de- 
marcation from neck. Rostcllum surrounded by double crown of about 66 hooks 
appearing* as single row, alternate hooks being set only about 2 ii out of line : hooks 
about 20 to 22 u long and about 13 ix across the hammer-shaped head ; diameter 



^00 /< 

Fig. 1. RailUetina (R.) bakeri, n. sp. Mature segment. 

Fig. 2. Same, scolex. 

Fig. 3. Same, rostellar hook, greatly enlarged. 

across top of crown of hooks 65 to 70 p,. Suckers 80 to 100 p, in diameter with plug 
of tissue filling most of cup, and provided with very minute spines, 4 to 5 it long, 
in at least two rows; most specimens, however, devoid of spines after preparation. 
Beginning of segmentation about 3 to 5 mm behind anterior end. Neck variable in 
diameter, according to state of contraction; in well-relaxed specimens usually about 
220 to 250 P-, but only 130 p, in one specimen. 

Mature segments 680 to 850 p broad and 175 to 300 p long; segments showing 
beginning of uterus usually somewhat narrower but longer, about 550 to 700 p -broad 
by 400 p long ; segments with developing egg capsules about 800 p to 1 mm broad 
and 400 to 450 p long; undetached segments with egg balls about 1.1 to 1.2 mm 
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broad, and nearly square. Detached ripe segments tisnally single or in groups of 
2 or 3, from 1.75 to 2.25 mm long and 800ji to 1mm broad. 

Yentral excretory vessels very broad and conspicuous, up to 60 p in diameter; 
transverse vessels slightly narrower; dorsal vessels inconspicuous, seldom seen in 
older segments. Longitudinal nerve close to dorsal vessel. Genital pores unilateral, 
situated in anterior third of segment. Cirrus pouch 90 to 95 p long and about 35 p 
wide, not reaching excretory vessels; cirrus unarmed. Vas deferens very much 
convoluted, occupying a considerable space in anterior poral corner of the segment. 
Testes 3(1 to 40 in number, about 18 to 24 of them occupying space on aporal side of 
segment between female glands and excretor\^ vessel, and 11 to 16 of them on poral 
side behind genital ducts; in 3 ^oung segments one or two testes may be immediately 
behind female genital glands, thus connecting the two fields; in older specimens one 
or two may be dorsal to genital glands. Testes about 28 to 38 p in diameter, often 
oval or slightly irregular in shape. Vagina posterior to vas deferens, with muscular 
deep-staining wall as far as excretory vessels, then becoming widened with thin 
walls, and serving as seminal receptacle. Ovarj^ situated slightly towards poral side 
of segment, tending towards division into two main lobes, aporal one the larger, 
but made up of numerous small finger-like lobes. Yolk gland about 90 to 95 p in 
diameter, behind ovary, slightly towards poral side of segment. Segments with 
developing egg balls detach and finish their development free from strobila, resem- 
bling oval seeds. Egg balls remain between excretorj^ ves.sels, but in fully ripe seg- 
ments walls of segment close down on egg balls like a capsule, and no traces of 
excretory vessels or genital ducts can be seen. Egg balls about 80 to 90 in number, 
round or oval, from 140 to 195 p in diameter, and containing from 6 to 9, occasionally 
10, ova. 

ITost: Scmms niger rufivcnter. 

Habitat: Small intestine. 

Locality: Southeast Texas. 

Type specimen: U. S. Nat. Mus. Helm. Coll. No. 44916. Parafypes (4 slides) 
No. 44917. , 

Only three species of Raillietma have hitherto been recorded from 
North American rodents, namely i?. {Fuhrmanetta) salmoni from rab- 
bits, R. {Paroniella) retractilis from rabbits, and an imdescribed species 
from a gopher. This is the first species of the subgentis Raillietma from 
North American rodents, and the first adult tapeworm of any kind to be 
reported from North American tree squirrels. In the small number of 
testes, small cirrus pouch, and small number of uterine capsules R. hakeri 
more nearly resembles R, loechesalavesi Dollfiis 1939-1940, described 
from a specimen from an 18-y ear-old child in Cuba, than any other form 
described from mammals. From this it differs, however, in its smaller 
size, the smaller size of the cirrus pouch, the bilobed uterus, and the fail- 
ure of the testes to extend beyond the excretory vessels. 

Cysticercus temikollis 

A single small Taenia cyst w^as found attached to the liver of a fox 
squirrel. The head and neck, evaginated from the cyst but with the sco- 
lex invaginated into the neck, measured about 1.85 mm in length, while 
the cyst measured about 2.2 mm in length. The number, size and shape 
of the hooks, as w^ell as the general form, indicate that this is a small, 
probably young, Cysticercus teniiicolUs, the larva of Taenia hydatigena. 
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This species has previously been reported from squirrels. Cysticercus 
jasciolaris and an unknown cysticercoid with a scolex provided with a 
double crown of small hooks about IS p long (see Schwartz, 1928) have 
also been reported from tree squirrels in North America. 

Strongyloides robustus n. sp. 

female. Length of egg-bearing worms varying from 4.5 to 6 8 mm 
one “ore m of 13 specimens measured and falling under 5.5 mm in only 

wnrm diameter 60 to 75 p except the 4.5 mm 

worm, which measured 40 ,u. Diameter at base of esophagus 50 to 65 p except in 

Sopw“%6Lto??^^ respectively. Cuticle very fine'ly striated 

Jisophagus 860 p to 1.26 mm long, averaging 1.14 mm, and varying from 17.7 to 19% 
of the length of the body. Anus 70 to 80 p from caudal tip except in the 4 5 mm 

emir.. PaP 1 worm), the post-vulvar length representing 35% to 43% of 

leiigth. .Anterior uterus refle.xed 325 to 440 p behind posterior end of 
sophagus, _atid posterior uterus 100 to 260 p anterior to anus. Reflexed loops usu- 
allywisted, but to various degrees. Number of eggs in the combined uteri from 3 
to 20, averaging 9. Eggs 55 to 60 p by 27 to 30 p. 

msts: Scmrus niger riifiventer (type) and i". carolinensis carolmensh. 
tiabitat: Small intestine. 

Locality: Southeast Texas. 

Type specimen: U. S. Nat. Mus. Helm. Coll., No. 44911. 

This is the largest species of Strongyloides thus far described except 
S. westen of horses. It resembles 5. papillosus in most respects but is 
larger, the majority exceeding the maximum size reported for papillosus. 
The esophagus is both relatively and absolutely longer, its length in 
every instance exceeding the maximum length in papillosus, and^’aver- 
aging about half again as long as the average for that species. The 
minimum diameter of the body is equal to the maximum for papillosus 
m all but a single undersized specimen of 13 measured. The vulva in 
papllosus is from 1.6 to 2 mm from the posterior end whereas in robustus 
h is from 2 to 2.88 mm distant, again excepting one undersized specimen 

fl ^ papillosus. The egg measurements 

of papzUosus zr^ given as 40 to 60 p by 20 to 25 p, whereas those of ro- 
are S5^p by 27-30 It differs from 5. as,o,„n Grffilhs, 

, m greater size, relatively greater thickness, relatively shorter 
esophagus greater distance of vulva from posterior end, larger eggs (46- 
ro\ f ^ agouht) . It differs markedly from ratti ( 1 ) in size • 

(2) in having an esophagus which, though always longer, is shorter 
le ahve to the body length; and (3) in size and shape of the e>yo-s. 

This worm was found in moderate numbers in all of the adidt fox and 
gray squirrels examined, but was absent in two specimens of each species 
which were not full grown. ^ 

Heligmodendrmm hassalli 

This hehgmosome was first described by Price (1929) under the 
name Hehgmostrongylus hassalli from a gray squirrel, .Sciurus caro- 
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Jinensis, in was subsequently reported by Harkenia 

(1936) from over 90% of specimens of the same host in North Carolina. 
Dikmans (1931) transferred this species to the genus Longistriata, but 
Travassos (1937) placed it in a new genus, Heligmodendrm^^^ the 
basis of the interrupted cuticular striations. 

Morphological characters and measurements of the Texas worms 
correspond closely with Price’s description of the worms obtained in 
Maryland, except that the Texas females reach a length of 9 to 12 mm 
as compared to 8.4 to 8.6 given by Price. In Price’s paper the width 
of the spicules at the base is given as 16 whereas according to my mea- 
surements they are only 5 to 6p. Examination of Maiyland speci- 
mens kindly supplied by Dr. Price showx^d that 'T6}j” was evidently a 
typogTaphical error for 6 p. 

H. hassaUi was found, usually in moderate numbers, in every fox 
squirrel and gray squirrel examined from East Texas, and was the only 
helminth present in young, half-grown specimens. 

Microfilaria alpha n. sp. 

Slender unsheathed microfilariae 207 to 237 p. in length and about 3.5 f.i in diam- 
eter. Head end bluntly rounded, tail drawn out into a fine point. Specimens dried 
in blood smears lie nearly straight, with only one or two bends in body. Anterior 
end free of nuclei for distance of about 3 to 4p., but nuclei extend almost to tip of 
tail. Nerve ring 46 to 54 a (average 50 p) from anterior end; excretory pore 12 to 
17 u beyond nerve ring. Anal cell 36 to 40 p from posterior end (average 38 p) . 
Approximate percentages of body length as follows: nerve ring, 23%, excretory 
pore, 29%, last genital cell, 70%, anal cell, 82%. 

About 150 to 170p from anterior end, and 25 to 30 p anterior to anal cell, a 
large and conspicuous break in nuclear column representing third “G” cell About 
8 to 12 p in front of this a somewhat less conspicuous break, probably representing 
second ‘‘G” cell; first “G’’ cell represented by inconspicuous break,, not always seen, 
about 5 to 10 p farther anterior. Abundant in blood smears of one specimen of 
Schmis nlger rufiventer from Hardin County. 

Host: Scinriis niger rufiventer. 

Habitat: Blood. 

Locality: Hardin County, Texas. 

Type specimens: U. S. Nat. Mus. Helm. Coll., No. 44912. Paratype, No. 
44913. 

Microfilaria beta n. sp. 

Slender unsheathed microfilariae 125 to 150 p in length with maximum diameter 
of about 3.5 p. Specimens dried in blood .smears lie curled in rather kinky manner. 
Head end bluntly rounded and devoid of nuclei for about 4 to 5 p. Nerve ring situ- 
ated about 33 to 40 p from anterior end (average 36.5 p). Excretory pore not recog- 
nizable. Inconspicuous break in column of nuclei about 75 to SO p from anterior end, 
follow^ed by two others about 7 or 8 p apart, of which last is largest and most con- 
spicuous. Anal cell 35 to 45 p from tip of tail. Percentage distances from anterior 
end average about as follows: nerve ring, 28%, last (largest) genital cell, 69%, anal 
cell, 85%. This microfilaria was found in very small numbers in blood smears from 
one specimen of Sciurus niger rufiventer from Houston, Texas, 

Host: Sciurus niger rufiventer. 

Habitat: Blood. 

Locality: Houston, Texas. 

Type specimens: U. S. Nat. Mus. Helm. Coll, No. 44914. Paratype, No. 44915. 
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Very careful search of the carcasses of these two squirrels showing 
microfilariae in their blood failed to reveal the adults. The body cavi- 
ties, mesenteries, subcutaneous tissue, inter-muscular fasciae, sinuses, 
eye sockets and other parts, after prolonged examination, were digested 
with artificial gastric juice, but without revealing any trace of the adult 
worms. Hall (1916) reports two species of Filaria rs having been re- 
ported from tree squirrels: F. pistillaris Molin, 1858 from Brazil, and 
F, linstozvi Hall, 1916 from Siam. Since then Litomosoides carinii has 
also been reported from squirrels, by Travassos in Brazil. The first two 
species, found in subcutaneous tissue, are very inadequately described 
and their microfilariae are unknown ; Litomosoides carinii, abundant in 
Texas cotton rats (Sigmodon hispidus) inhabits the pleural cavities and 
has sheathed microfilariae. It is probable that both the microfilariae 
described above represent hitherto undescribed species. 

SUMMARY 

Thirteen fox squirrels and four gray squirrels from East Texas har- 
bored the following helminths : Raillietina (R,) bakeri, n. sp., in a major- 
ity of the adult animals; Cystic ercus temdcolUs, one specimen; Strongy- 
loides robustus, n. sp., in all adult animals; Helignwdendrmm hassalli, 
in all animals, even those not full grown ; and two kinds of microfilariae, 
each occurring once. 
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HYMENOLEPIS MASTIGOPRAEDITA, A NEW CESTQDE 
FROM A PINTAIL DUCK* 


A pintail duck, Anas acuta tmfAhoa V^ieillot, coliected near Still- 
water, Oklahoma, during the fall of 1940, was found to be heavily in- 
fected with tapewomis among which were several specimens of an appar- 
ently new species herein described as Hyrnenolepis niastigopraedita. 
The worms were fixed in hot Bonin's fluid and stained in borax carmine. 
xAlH studies and measurements were made on 11 mounted specimens, 7 of 
which remain intact and are herewith designated as cotypes. 

Hymenolepis mastigopraedita n. sp. 

(Figs. 1-4) 

Description: Strobila 57~-68 mm long, 1.5 mm in maximum width, and about 
250 thick posteriorly. Longest example with 183 proglottids. No scoleces were 
found—in most of the specimens, however, the strobila terminates anteriorly in a 
knot-like body comprising several immature proglottids and regarded as a pseudo- 
scolex formed apparently by a back-and-forth folding of the front end of the chain 
followed by adhesion of juxtaposed surfaces, the segments involved being individ- 
ually recognizable and not noticeably peculiar in form. Youngest available proglot- 
tids, 140 !Li long, 54 g wide anteriorly, and 98 p. wide posteriorly. Mature segments 
somewhat trapezoidal being about 350 g long, 700 p wide anteriorly, and 840 wide 
posteriorly. Most fully developed segments, only partially gravid, about 450 ^ long 
and 1.5 mm in maximum width. First-formed proglottid, still present on most of 
the worms, of diminutive size, rounded posteriorly, and sterile; contains common 
pore of ventral excretory canals. 

Genital apertures unilateral, dextromarginal, and slightly preequatorial. Geni- 
tal atria bell-shaped, narrow, transversely elongate, and provided each with a 
prominent, spheroidal, thick-walled, finely spinous sacculus accessorius about 168 u 
in diameter in mature segments and located dorsosubanteriad to distal portion of 
cirrus pouch. Gonaducts dorsal to poral longitudinal urinary canals. Two pairs of 
longitudinal excretory vessels — ventral ones broad, slightly undulant, and united 
posteriorly in first-formed segment ; dorsal ones very narrow and more sinuous ; no 
transverse commissures observed. 

All measurements recorded below for reproductive structures represent aver- 
ages based upon findings in mature segments. 

Ovary comprises two very unequal, irregularly lobulated, and wddely separated 
wings connected by an elongate, narrow, transverse isthmus; greatest diameter of 
^vings — ^poral 182 jx, aporal 350 p.. Vitellarium 112 p, in diameter, slightly lobed, cen- 
trally located between and behind wings of ovary. Female genital pore immediately 
ventral to male pore. Distal part of vagina an exceedingly tenuous tube, hair-like in 
appearance ; coursing inward from the atrium it makes a single left-hand spiral turn 
around distal portion of cirrus pouch, passing successively along posterior, dorsal, 
and anterior surfaces of the latter— the curvature of the spiral sometimes smooth 
and direct, sometimes complicated by minute sinuosities. Seminal receptacle smoothly 

Received for publication, June 17, 1941. 

^ Contribution No. 94 from the Zoological Laboratory, Oklahoma Agricultural 
and Mechanical College ; prepared under the direction of R. Chester Hughes. 

The writer is gratefully indebted to Professor Hans H, Andersen, of the same 
college, for assistance in translating the Danish text of the paper by Krabbe (1869). 
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ventral to cirrus pouch Mehlis’ ’irlanH anterior part of segment 

proximal to recepTacM norobse^ed Tn M 

dorsal to the ^ 

pouch, very prominent and nearlv c:fra; u+ - efferentia not observed. Cirrus 
obliquely across body often to protrude"^ intn^n^^f segments, 770 X 90 ti, extends 
underlap the aporal excretory caLls • variously curve^'^^d”^ 

External seminal vesicle proLnem corner 

to cirrus pouch, about 420 X 112 II VntA t ® P°®dion but mostly dorsal 

fills aporal half of cLus pouch XhlT 80 ^ in diameter, largely 

passage that runs through distal end connected by a narrow sinuous 

vesicle and cirrus dSes an elongate ^ 

Cirrus proper, 280 x 20u, with thick h!it !! arranged, figure-of-eight loop. 

only slightly protrusible^nly in occasional TegmLtTdnr*'^>^'' ^PP^'^ently 
margin; armed with verv fine hair lii-^ * ^ j ^ does it project be3'’ond the 

very long, slender. f f- whip, a 

extends through its lumen and well beyond its tinComCm 

to be chitinous and somewhat stiff a^thouah tL ^ appears 

coiled about. although the free end is variously looped and 

acuta tsit2ihoa'\fKmot,l%16 = Dafila a t fV 1 

.Habitat.- Lumen of small intestine ■ i ■)• 

Lara%,.- Stillwater, Payne County. Oklahoma. 

a s. Yiis’sz. srioTbS? “ “■>"••• -'a-. » 

According; to Hughes (1941) th, genus Wdnhud 

1858 contain, 328 recogniaed-as-valid specii and variety The 

writer has been able to determine only eleveiTotSr men*! I 

descriptions of these specL were Ld in theTesat sM "’nT"”' 

Iny ™Z”edf^ n. sp, with ^regarj 

Kra'b'bi OS^^rutdef.ttiiltf'r”’’™™' 

dolphi, 1810, mrd by Joyel” „d 

siclembly smaller, the cirrus pr^er roriZrusibi: 

heavier and less protrusible ■ ^ otrusible, and the cirrus whip 

-Sb^-Aira:;?!'^) riSer^'T “ 

H. sphenocephala (Rudolphi, 1810) Fuhrmann 1906 

and Baer (1935), has a shoner cirris pout cwSsranl'^r^S 
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com*se of the vagina, the sacciilus accessorius farther posteriad with re- 
spect to the cirrus pouch, and the cirrus stylet apparently not protrusible ; 

(S) H. cyrtoides (Mayhew, 1925) Fuhrmann, 1932, is of much 
smaller size and has an unarmed cirrus and no sacculus accessorius ; 

(4) H. flamingo Skrjabin, 1914, is much smaller and has the cirrus 
pouch and stylet both much shorter and broader and the genital atrium 
surrounded by a chitinous ring ; 

(5) H. krabbeella Hughes, 1940, as described by Fuhrmann (1906) 
and Joyeux and Baer (1936) under the name, FI. fragiiis (Krabbe, 
1869) Fuhrmanii, 1906, has the testes arranged in a straight line and the 
cirrus pouch twice as long as the width of the proglottid ; 

(6) H. lint oni Lopez-Neyra, 1932, as described by Linton (1927) 
under the name, FI. ''macracanthos (Linstow)’', apparently has no sac- 
culus accessorius ; 

(7) H. longistylosa Tseng Shen, 1932, has the testes arranged in a 
transverse row, a very small cirrus pouch, the cirrus whip many times as 
long as the width of the proglottid, and no sacculus accessorius ; 

(8) IF. macracanthos (von Linstow, 1877) Fuhrmann, 1906, has a 
3-lobed ovary, no sacculus accessorius, and the cirrus pouch much longer 
than the width of the proglottid according to Fuhrmann (1924) ; 

(9) H". Fuhrmann, 1906, and the variety, 

(10) H. serrata birmanica M.tgg^^^ 1924, have the testes arranged 
in a straight line ; and 

(11) H. vennsta (Rosseter, 1897) Railliet and Henry, 1909, has a 
much shorter cirrus pouch, the internal seminal vesicle folded back and 
forth in a characteristic series of appressed loops, and the testes disposed 
in a transverse row according to Rosseter (1898). 

The occurrence of the pseudoscolex in the new species would seem 
to be very unusual if not unique within the genus. In each of the enu- 
merated forms the scolex is known and armed with 8 or 10 rostellar 
hooks. IF. flamingo was taken from Phoenicopterus antiquorum; H. 
columbae, H. serrata, and H. s. hirmanica are parasitic in columbiform 
birds ; all of the other worms nominately mentioned above were described 
from anseriform hosts. 
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ExPLx\NATrON OF pLATE 

All figures concern Hymenolepis mastigopraedita n. sp. 


A — sacculus accessorius 
C ^ventral longitudinal excretory 
canal 

D dorsal longitudinal excretory 
canal 

E — external seminal vesicle 
G — cirrus 

I— internal seminal vesicle 


Abbreviations 


O — ovary 
P — cirrus pouch 
R — seminal receptacle 
S — cirrus whip or stylet 
T — testes 
U — uterus 
V — vagina 
Y — vitellarium 


Camera lucida study. Scale. 250^. 
^ mr' . of gonrtal tracts in a partially gravid segment Dorsal 

view. The spines in the sacculus accessorius are more mmerous mTrfeWate 
and more hair-like than the figure suggests. numerous, more elongate, 

500 ^ ^ projection apparatus. Scale, 

appafatus!*' ^ 








HAEMOGREGARINA TRIATOMAE N* SP. FROM A SOUTH 
AMERICAN LIZARD TUPINAMBIS TEGUIXIN TRANS- 
MITTED BY THE REDUVIID Ti?/ArOifA 
RUBROVARIA^ 

J. J. OsimanP 

Talice in 1929, examining the rectal contents of the blood-sucking 
recluviid Triafoma rulwovaria (Blanchard 1843) coming from the Cerro 
de Montevideo, noticed *^croissant”“like cells which he considered as 
sporozoites of a haemogregarine. In 1939 we made the same finding in 
several nymphs and adults of Triatoma rubrovaria coming from Mal- 
donado, which also contained T. criizi. If they were, indeed, the final 
sporogoniG forms from a haemogregarine, what was their vertebrate host? 
The problem, as we see, was reversed from the w'ay it commonly develops 
with haemogregarines whose species have been described in great number 
only in the vertebrate. In this case, we knew the intermediate host; the 
question was to find the definitive host. Talice had suggested that the 
definitive host might possibly be the small lizard Teiotts teyou, in whose 
burrows Triatoma rubrovaria frequently dwells. The blood examina- 
tion of six specimens of that lizard, coming from that place, proved nega- 
tive in 1939. However, later on, in 1940, examining a young lizard which 
came from Maldonado, w-e were successful in finding it parasitized with 
haemogregarines. The lizard specimen was classified by the learned 
Director of the Natural History Museum of Montevideo, Dr. G. De- 
vincenzi, as Tupinambis teguixm L. 

In the blood films stained by Pappenheim’s method, the parasites 
sho\ved the following appearance : worm-like shaped cells, slightly curved, 
measuring 16 p in length and 5.5 p in width, wdth rounded and very 
similar ends. In some examples a kind of fine, long fissure, parallel to 
the longer axis of the protozoon, which sometimes penetrates very deeply 
in the body (Figs. 6 and 8) is seen at one end. This does not seem to be 
an artifact but rather the folding of the parasite within its capsule, a phe- 
nomenon which is known in many haemogregarines. There is a pro- 
longed nucleus, smaller than half the length of the haemogregarine ; the 
longer axis parallel to the longer axis of the latter. It stains violet and 
is placed near the convex side of the parasite, near the boundary between 
the middle third and the terminal third. 

Received for publication, June 19, 1941. 

^ From the Division of Parasitology (Prof. R. V. Talice, Chief) of the Institute 
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It is evident from examples 6 and 8, if we admit the explanation given 
above, that the relations of the position and length of the nucleus would 
he different. The cytoplasm is of a light blue color without metachro- 
matic granules. It appears in nearly all the examples surrounded by a 
colorless halo, doubtless a real capsule which impedes sometimes the pene- 
tration of the stain, as it happens in Figs. 2 and 3, in which the nucleus 
is not Aosible.^ The longer axis of the parasite is parallel to the longer 
axis of the red cell, which is generally increased, showing very often a 
hyper- or hypochromatic cytoplasm. The nucleus of the red cell, altered 
sometimes in its tinctorial reactions, is pushed back to the ends or to the 
sides of the cell. 

On the membrane of the parasite is sometimes noticed a small red spot 
(Fig. 4) analogous to” one noted by Reichenow in H. stepanowi and which 
lie considers to be a residue of volutine. 

The characteristics previously described belong, no doubt, to gameto- 
cytes. We looked for the schizogonic forms in the sections of several 
internal organs stained by eosin-haematoxylin. After a long search which 
we had already foreseen owing to the very small number of blood parasite 
cells, we found in the liver a division cyst. It is an elliptical cyst (Fig. 
10), measuring 20 p in length and 14 p in width, with a double wall, the 
internal one being fine and smooth and separated from the external by a 
fine colorless halo, the external wall being thick (it measures 2 p on its 
thickest side), of irregular surface and staining violet by haematoxylin. 
However, it is possible that what looks like an external wall may really 
be calcium deposited around the cyst. To detemiine this point, it would 
be necessary to stain by special methods. The cyst seems to be confined 
within an epithelial cell whose nucleus is greatly misshapen. 

Coming back to the starting point, is this haemogregarine, found in 
Tupinatnhis tegnixin (and over whose classification we do not ponder for 
the time being) , identical with that found spontaneously in the ^'vinchuca”'* 
T. ntbrovariaf 

Availing ourselves of ^Vinchucas’' from the colony kept in our Insti- 
tute for making xenodiagnosis of Chagas' disease, we fed nymphs and 
larvae of these laboratory-bred T. rttbrovmia on infected lizards. After 
the blood meal these insects were kept at a temperatui*e of 30° C for two 
months and then examined. 

In many of them we limited the examination to the rectal contents, 
for it was there that we had found the spontaneous infections. On others 
we made total dissections of the abdominal contents, studying the midgut, 
the Malpighian tubes, the genital organs, and the general cavity. Of 30 

However, the h5’'pothesis that they might be empty capsules, abandoned by the 
parasite, cannot be dismissed. 

^ Common name for the blood-sucking Reduviidae in Uruguay and Argentina. 
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Figs. 1~21. Reference line, 20 microns. 

Figs. 1-9. Intracorpuscular forms from the blood of the lizard, TupinaniMs 


tcgnixin. ' 

Fig. 10. Schizogonic cyst in the liver of Tupinamhis teguLvin. 

Figs. 11-13. Sporogonic forms in the general cavity of Triatoma ruhrovaria; 
in 13 is already seen the segmentation of the oocyst. 

Figs. 14-18. Sporozoites from the rectum of Triatoma ruhrovaria, spontaneous 
infection. 

Figs. 19-21. Sporozoites from the rectum of Triatoma rubrovaria, experimen- 
tal infection. 

examples fed upon Tupinamhis teg one was positive.*’’ The 
percentage of infection would be only 3.3% in this experiment, but the 

s In more than 500 '‘vinchucas’" used in the Laboratory for making xenodiag- 
nosis of Chagas’ disease, these parasites have never been found. 
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limited blood infection of the vertebrate must be taken i 
First we shall describe the cells found in the “vinchucas” 
infections, and afterwards those examined in the experin 
T. teguixin. 


iini^kCTION of the INTERMEDIATE HOST 
nation of the rectal contents showed two kinds of oro 
voltes and cysts. The cysts, elliptical in shape, contain 
sporozoites which are clearly seen through the transpai 
- 1 and fine wall. The cysts measure from 60 p to 80 n ii 
3 48 p m breadth. They contain from 20 to 40 spor 
■ned sporozoites look like crescents, with a sbampr 
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rounded and clearly visible central or sub-central nucleus and a granu- 
lated cytoplasm. Stained by the Pappenheim's method (Figs. 14 to fS) 
the nucleus appears misshapen ; the reticulated cytoplasm shows conden- 
sations on both sides of the nucleus. Its length varies between 18 p and 
30 p, its breadth between 4 p and 7 p. The examination of the Malpighian 
tubes and the genital organs was negative, nor could we find the enormous 
cysts of the intestinal cell wall which Talice mentions in his report. The 
morphological characters of these sporozoites are more or less analogotis 
to those mentioned by Talice. 

EXPERIMENTAL INFECTION OF THE IxNTERMEDIATE HOST 

In the experimental material we found only cysts. They are elliptical 
in shape, with a smooth and fine wall through which the sporozoites can 
be seen (about 30). The sporozoites are left free by the flattening and 
breaking of the cysts. These, stained by the Pappenheim^s method (Figs. 
19 to 21) , have an appearance similar to those in the spontaneous infec- 
tions, but with a larger nucleus and a cytoplasm which is different at the 
two ends, and without condensations. They measure from 20 p to 25 p in 
length and 5 p to 6 p in breadth. 

On examining sections of insects in paraffin, we looked for early stages 
of the sexual phase. In this way we noticed that during the growth of 
the protoplasmic mass, originated perhaps by the conjugation of the 
gametes, its nucleus begins to divide (Pfig. 11), the protoplasmic mass 
grows longer and the nucleus migrates to the periphery (Fig. 12). In 
Fig. 13 the sporozoites have begun to develop in the ends. Later on, all 
the protoplasmic mass changes into sporozoites which line themselves up 
parallel to the longer axis of the cyst. In this way the cyst is formed. 

We cannot state in which of the insect organs such development takes 
place. We exclude, as explained above, the Malpighian tubes and the 
genital organs. We have not found parasites in the intestinal wall. The 
forms which we described (Figs. 11 to 13) were found in the general 
cavity. Relying only upon the examination of the insect, everything sug- 
gests (similar host, localization, and morphology) that the haemogrega- 
rine found in spontaneous infection of T. rubrovana by Talice (1929) 
and me in 1939, and that found in the experimental infection are a 
single species. The slight morphological dissimilarities between the sporo- 
zoites might be explained by the fact that we were dealing with matured 
sporozoites in the spontaneous infection while those we saw in the experi- 
mental infection would not yet be mature. Thus the haemogregarine 
observed in the lizard, T. teguixin, undergoes its sporogonic cycle in the 
“vinchuca,” T. ruhrovaria, temiinating in the formation of sporozoites. 

The infectious nature of these sporozoites, however, will not be estab- 
lished until the inoculation of lizards with parasitized bugs has been 
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attained. Since uninfected lizards were not available at the time we did 
our experiments, the cycle remains uncompleted. 

IDENTIFICATION 

'‘The numerous species of haemogregarines described are nearly all 
distinguished from one another only by their different hosts, and only in 
a few cases is our knowledge about them enlarged with the description of 
their phases of development” (Reichenow, 1920), Certainly the charac- 
ters which are used for identifying the haemogregarines (except the host 
species) are generally morphological differences, sometimes rather unde- 
fined, which may correspond to different stages or forms of the parasite 
(micro- or macrogametocyte, young or adult gametoc 3 ffe) . So it fre- 
quently happens that it is difficult to affirm whether or not a given form 
belongs to a species previously described. B}" now four species of haemo- 
gregarines have been described from T-upinambis teguixin. These are H. 
tiipimmibisil^dL^ Salimbeni, 1909; H. carini (Laveran) 1909; H. 

missotvi Cm-mx, 1909; and i7. f^rz/mm^ Ducceschi, 1914. Plimmer (1912) 
limits himself to mentioning a haemogregariiie discovered by him in T. 
teguixin without giving any description. 

In the inclosed table the characters of these four species may be com- 
pared with those of the species discovered by us. The differences among 
Haeniogregarina carini, missoni, and iguanae are very clear. In the adult 
form of H, tupinamhisi there are more analogies, but these analogies do 
not suffice for identifying them. Winters speak about the great volume 
increase of the parasitized red cells, which attain 25 jj to 28 p. In our 
case the red cells never reach 20 p. H. tupinamhisi shows red compact 
granules, while we did not notice any. The nucleus of PL tupinambisi is 
central and oval in shape; that of our Iiaemogregarine is never in the 
center, but between the center and one of the ends ; besides, it is genuinely 
prolonged. 

We firmly believe then that we have before us a new species, a schizo- 
gonic cyst of which we have found in the liver of the lizard and several 
sporogonic forms of which we have found in the blood sucking reduviid, 
T, rubrovaria. We propose for it the name Haemogregarina triatomae. 

Haemogf'egarina friafomae n. sp. 

Hosts: Vertebrate: South American lizard, Tiipinambis tegiAxin. Inverte- 
brate: 

Morphology: Erythrocytic forms (gametocytes) worm-like, slightly curved, 
16 .Li long, 5.5 p wide, ends very similar. A long fissure parallel to longer axis 
appears in some, apparently a folding of parasite on itself. Nucleus prolonged, 
smaller than half the parasite and parallel to length of parasite, violet (with Pappeii- 
heim’s stain). Cytoplasm light blue, no metachromatic granules, surrounded by 
colorless halo or capsule. Red cell generally increased in length by parasite which 
lies lengthwise in it. Cytoplasm of host cell may be hypo- or hyperchromatic. Host 
nucleus sometimes altered in staining reaction and pushed aside or to end of cell. 
Small red spot on membrane of parasite. 


Table l.—Haemogrcgarines of the limrd Tiipinambis teguixin 
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doubk walTlnne/OTe^finJan^m^^ elliptical, 20 ^ long, 14 n wide, with 

CJW.: In ' ”"»l“PO> "oclen,. 

number of sporozoites (20 to 40);^ ^ 80 long, 42 4<S p wide, with large 

rounded central or^su^bcemr^^^^ ^ ’.t ^ sharper, 

show condensations on both sides of nuclenr cytoplasm ; when stained they 
protoplasmic mass is enlarging^ then nh^rSes tn^ sporogony nucleus divides while 
hne up parallel to long axis of cyst. ^ periphery. Sporozoites form and 

'^ype locality: MMonado. 

'^yp^ host: Tupmambis tegtiw^^^ 

SUMMARY 

is <te”riLT°mn^TT""“ "H"'--™ L. 

the blood sdiges. CZZ TystTlU fcTf" " ””f 

and in its rectal contents Tl ’ ozoites, in its tissues 

by Talice (1929) and bv are similar to those found 
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AGE RESISTANCE OF MICE TO TRYPANOSOMA CRUZI 

James T. Culbertsox and Walter R. Kessler 

Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 

The trypaiiGsome of Chagas’ disease, Trypanosoma crusl, is known 
to cause more severe infections in young persons than in adults, and 
when the organism is transferred to laboratory rats, mice, and rabbits, 
young animals likewise usually suffer more intense infections than older 
individuals (l-~4). The guinea pig, on the contraiy, is about equally 
susceptible to the parasite at all ages (3). 

Although mouse infections with Trypanosoma have been 

studied by several investigators, the precise age at which mice attain 
their comparative resistance is still uncertain since the specific ages of 
the animals used in the studies reported hitherto has not generally been 
known. In the present work, an attempt has been made to fix this age 
for mice, by studying carefully the relative susceptibility of mice of dif- 
ferent known age groups. The infections were carried out both by intra- 
peritoneal inoculation of the parasites and by their administration per os. 

MATERIALS 

The strain of Trypanosoma cru£ was obtained originally from the 
London School of Hygiene and Tropical Medicine in 1936, and has since 
been kept in this laboratory in the rat or in culture. For administration 
in the present work, cultures were prepared by adding 0.1 cc of infected 
rat heart’s blood to 5 cc of nutrient broth. The cultures were used after 
from four to six weeks, when many organisms had developed. 

The mice were of the Swiss strain, propagated in the Department of 
Animal Care of Columbia University. 

THE COURSE OF INFECTION IN MICE GIVEN T. CTUm INTRAPERITONEALLY 

Mice ranging in age from newly-born to 100-day old animals were 
infected intraperitoneally with doses of T. cnm culture in proportion to 
body weight, 0.1 cc of culture being given per 10 gni Aveight. At inter- 
vals of 1 or 2 days thereafter, the tail blood of the mice was examined for 
the presence of trypanosomes, the total number in SO microscope fields 
(x430) being recorded. The data on representative mice from a total 
of 77 animals are given in Table 1. 

Young mice suffered distinctly heavier infections with the parasite 
than older mice. Animals below 25 days old when infected invariably 
succumbed (47 animals), whereas those above this age usually survived. 

Received for publication, July 4, 1941. 
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Table L - — Resistance of representative mice of different age groups to Trypanosoma 
cruzi administered intraperitoneally 


Mouse 

No. 

Age when 
infected 
(days) 


Total number of parasites in 50 fields (x 430) ' 
designated day after infection 

on 


9 

10 

12 

14 

16 

IS 

20 

22 

24 

26 

28 

30 

32 

34 

36 

1 

2 

Newborn 

0 

1 

2 

5 

5 

3 

12 

36 

236 

165 

d 

865 

d 









o 


0 

0 

1 

1 

6 

150 

d 









. 4 

5 

0 

0 

0 

1 

8 

12 

d 









5 


0 

0 

3 

1 

3 

16 

d 









6 

8 

0 

0 

5 

9 

6 

23 

d 









7 

10 

0 

2 

16 

140 

d 











8 

0 

1 

6 

1 

70 

d 










9 

14 

0 

0 

0 

0 

1 

0 

1 

5 

18 

10 

d 





10 

0 

0 

0 

0 

0 

0 

0 

10 

35 

34 

d 





11 

20 

0 

0 

1 

1 

7 

3 

1 

IS 

d 







12 

0 

0 

0 

3 

0 

6 

28 

d 








13 

25 

0 

0 

0 

1 

21 

3 

17 

15 

86 

36 

56 

65 

2 

2 

0 

14 

0 

0 

2 

2 

6 

15 

24 

d 








15 

33 

0 

0 

0 

0 

0 

0 

0 

1 

0 

2 

3 

2 

1 

0 

0 

16 

0 

0 

0 

0 

0 

2 

0 

0 

5 

0 

6 

2 

2 

0 

0 

17 

46 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

18 

0 

0 

0 

1 

0 

0 

1 

0 

2 

7 

7 

8 

5 

4 

0 

19 

74 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

0 

0 

0 

21 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

22 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 


= dead. 


The prepatent period of the infection in animals below 25 days of age 
at infection also was shorter than that of the mice above this age, its 
length for the two groups being, respectively, 7 to 12 days, and 14 to 26 
days. 

THE COURSE OF INFECTION IN MICE GIVEN T. crusi BY MOUTH 

An amount of the trypanosome culture roughly proportional to the 
body weight was administered by mouth to a total of 74 mice of diflferent 
age groups. Great care was exercised to avoid trauma in administering 
the dose, a droplet of the culture merely being placed in the opened mouth 
of each animal. Control mice of each age group were infected at the 
same time intraperitoneally with 0.1 cc of culture per 10 gm body weight. 


Table 2. — Relative susceptibility of mice of different age groups to infection after 
per os adminisfrafipn of Trypanosoma cruzi 


Age 

Number in group 

Number positive 

Percentage positive 

(days) 

By mouth 

I-P 

By mouth 

I-P 

By mouth 

1 I-P 

Newborn 

8 

2 

8 

2 

100 

ioo. ' 

2 

9 

2 

9 

2 

100 

100.'/ 

6 

7 

2 

7 

2 

100 

, 100," 

9 

6 

2 

3 

2 

50 

100 

12 

13 

2 

2 

2 ■ 

15 

TOO 

16 

11 

■ 2 

3 

1 2 

27 

100 

20 

6 

2 

0 

■ 2 

0 

100 

25: ■ ■■ 

7 

2 

0 

2 

0 

100 

40 

4 

! ■ 2 

0 

2 

0 

100 

85 

3 

1 

0 

1 

0 

100 
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At intervals of 1 or 2 days thereafter, the tail blood of the animals was 
examined microscopically .(x 430) for trypanosomes. The relative 
susceptibility of the mice, in terms of the number and percentage infected 
ill each age group, after per os and after intraperitoneal administration 
of the parasites is shown in Table 2. The relative intensity of infection 
in representative mice after administration of the parasite by the two 
methods is shown in Table 3. 


Table 3. — ■Comparative intensity of representative infection after per os and after 
intraperitoneal administration of Trypanosoma crnzi 


Mou-se 

Age when 
infected 

Route of 

Number of parasites in 50 fields 
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1 
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I-P 

1 

5 

84 

310 

<1 









5 


Per os 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

0 

0 

3 

a a 

1 0 

0 

0 

0 

0 

1 

0 

0 

2 

1 

3 
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1 

0 
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dead. 


Mice of groups below 9 days of age when exposed to per os infection 
were invariably susceptible to Trypanosoma amsij the parasites being 
observed later in their tail blood. Among the mice of groups from 9 to 
16 days old at exposure, only 50 per cent or less became infected. Ani- 
mals 20 days old or more when exposed were regularly refractory to in- 
fection by organisms given per os. In contrast, all the control animals 
infected intraperitoneally with the culture showed the parasite later in 
the blood stream. 

The intensity of infection among the control group injected iiitra- 
peritoneally was distinctly greater than that of animals which received 
the organisms by mouth. Most of those which developed an infection 
after the per os administration survived the disease, whereas the intra- 
peritoneally inoculated controls for these animals invariably succumbed. 
Usually, the prepatent period after the administration of organisms by 
mouth was longer than that after their intraperitoneal injection. 

The results offered from the present study in mice are essentially con- 
firmatory of those previously published from this laboratory upon age 
resistance of rats to Trypanosoma cnm (4) / young mice, like the 

young rats, evidently are unable to check infections with this trypano- 
some and soon succumb to it, whereas older animals seetn to overcome 
the parasite with little trouble. 
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The infections in mice with this strain of Trypanosoma cnis;i appear 
usually to he of distinctly lower intensity than those in rats. Often, in 
fact, the infections even in young mice are so poor as to seem inconse- 
quential until a day or so before the host’s death, when many organisms 
come suddenly into the peripheral blood. Generally, even so, the peak 
intensity of the mouse infections is considerably below that of rats of 
corresponding age. ^ This difference may result from the fact, previously 
stated, that the strain of Trypanosoma crusi used has been kept for sev- 
eral years in the albino rat. 

The susceptibility of mice to infection by mouth is likewise essentially 
tie Scime as that of the rat (5). The less intense infections of mice ex- 
posed by mouth compared with those injected intraperitoneally is prob- 
ably explained by the smaller number of parasites which succeed in 
entering the animals after administration by mouth. Invasion by fewer 
parasites prolongs the prepatent period and increases the possibility for 
the host to check the invader. When the prepatent period is short, as 
It sometimes is after per os administration, however, the infection usually 

progresses to the fatal end expected after intraperitoneal administration 
of the parasite. 

SUMMARY 

Mice below 25 days of age when infected generally succumb to 
Irypanosoma cru£ administered intraperitoneally, whereas mice above 
t . IS age usually suiwive the infection. The infections in young animals 
develop after a shorter prepatent period and attain greater intensity than 
those in older animals. 

Mice below 9 days of age can regularly be infected with Trypanosoma 
cnm administered by mouth, and those from 9 to 16 days old often prove 
susceptible. Mice 20 days old or more resist the parasite given orally 
Infections resulting from oral administration of Trypanosoma cnm are 
generally less intense and less frequently fatal than infections followimr 
the intraperitoneal administration of the parasite. 
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NEMATODIRUS TORTUOSUS N. SP. (NEMATODA) FROM 
THE RAT, A'EOTOMA 


Hal Tucker^ 

Department of Zoology, The University of California at Los Angeles 


During the summer of 1940 nematodes of the genus Nematodims 
Ransom (1907) were obtained from the small intestines of two species 
of rats of the genus Neotoma. The rodents were trapped in the Aucinity 
of the campus of the University of California at Los Angeles. In May 
five females and one male were taken from a Neotoma lepida intermedia; 
in July two females and 18 males were found in a N. fuscipes macrotis. 
Since morphological studies showed that these worms represented a spe- 
cies as yet undescribed, the name Nematodirus tortuosus is proposed for 
them. 

Nematodirus fortuosus n. sp. 

(Figs. 1-6) 

Diagnosis: Nematodirus. 

Male: 16.00-16.80 mm long, maximum diameter 125 p.. Cephalic cuticiilar dila- 
tion 125 p long by 60 p wide, with transverse striations. Body with longitudinal 
cuticular ridges throughout. Cervical papillae absent. Esophagus 470 p long. 
Excretory pore 485 p from anterior end. Bursa outspread, 500 p wide. Two large 
lateral, two small dorsal lobes. Rays long, delicate. Externodorsal thin, 155 p 
long ; dorsal ray bifurcated in distal 2/7, lateral raylet being longer and itself bidigi- 
tate. Margin of bursa distal to small, numerous bosses corrugated by fine ridges 
about 2,5 p apart running out to and causing a serrated bursal border. Spicules 
2.38-2.90 mm long, equal or unequal in length, yellow-brown in color, with transr 
verse striations. Free proximal parts, measuring about 420-440 p long by 15 p in 
diameter; fused distally forming a single structure with a maximum diameter of 
22 p. Finger-like tip contained in a loose membranous bulb. Pre-bursal papillae 
absent 

Female: 2ZS()-2%.7S mm long, maximum diameter 245 p at vulva. Cephalic 
dilation 130 p long by 65 p wide, transversely striated. Anterior two-thirds of body 
with, posterior third without longitudinal cuticular ridges. Esophagus 500 p long. 
Excretory pore 525 p from anterior end. Vulva 7.35 mm from posterior extremity. 
Vagina a transverse slit about 60 p long. Ovejectors very long, combined length 
including sphincters being 1.55-1.60 mm. Moderate diminution in body size behind 
vulva to 200-250 p from posterior end where diameter decreases abruptly to truncated 
tail. Tail 75 p long with bristle-like process 13 p long. Ova smooth-shelled, oval, 
measure 150-178, by 75-88 p. 

Hosts: Neotoma lepida intermedia and Neotoma juscipes macrotis. 

Location: Small intestine. 

Locality: West Los Angeles, California, 

Type specimens: U.S.N.M, No. 36717; paratypes No. 36718. Other paratypes 
in the Department of Zoology, University of California at Los Angeles, 

As far as can be determined, the genus Nematodirus Ransom (1907) 
was last revised in 1937 by Travassos. In his opinion the genus included 

Received for publication, September 20, 1940. 

*The writer is indebted to Dr. G. H. Ball for the privilege of working in his 
laboratory and for valuable help and guidance. 
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16 species (although he lists 17). His list is: Nematodirus filicoUis, 
X, spathigcr, N, zvei fiber gi, N. roscidus, N. maiiritamcus, N. neotoma, N, 
iiiolini, X, ahuormalis, N. helvetianus, N, dromedarii, N, tarandi, N, 
leporis, X. iiiugosaricus, N', aspinosus, iV. oiratianusy N. triangularis, 
X. urichi. 

In regard to the relationship of AT tortiiosus to the other members of 
the genus, we find it must be classified as a form occupying a position 
between the fiUcoUis and neotoma groups (May, 1920) . The first of these 
was characterized by comparatively short spicules and the location of the 
vulva near the junction of the middle and posterior thirds of the body. 
The neotoma group, conversely, had relatively long spicules; the vulva 
was set well back. Members of both groups had divergent ovejectors and 
uteri. 

AT tortuosus occupies an intermediate position. The vulva in iht filA 
collis group is placed so that the ratio of total body length to the tail-vulva 
distance is 3 : 1. neotoma has the vulva at or slightly in front of the 
middle of the posterior third of the body, 5 or 6: 1. N. tortuosus has a 
ratio of 3.6 : 1. From this position the uteri diverge, one passing into the 
anterior, the other into the posterior part of the body. 

The ratio of spicule- to body-length likewise illustrates the point. For 
N. filicollis this is approximately 1 : 12, for N. neotoma 1 : 3. N. tortu- 
osits has a ratio of 1 : 6. 

N. tortuosus is most closely related to N. aspinosus Schulz, 1929 
(~Ah ncome.vicanus), and to Af. leporis Chandler, 1924, both of which 
have been found in rodents. N. aspinosus resembles it in body length and 
in general bodily proportions such as the distances from the tail to vulva 
and anus. The spicules are comparable in that they are unequal and con- 
nected throughout most of their extent, but they are less than half as long 
as those of N. tortuosus, the ratio of spicule- to body-length being only 
about 1 : 16. The female differs in having no process on the tail and in 
the greater size of the ova (209-215 by 116-123 p). 

AT leporis is a smaller form measuring 8.0-13.0 mm for males and 
16.5-20.0 mm for the length of females. The location of the vulva, the 
size of the ova, the general character of the bursa, are much the same as in 
A^. tortuosus. The spicules of N. leporis however are relatively much 
shorter (0.65-1.05 mm) than those of N. tortuosus. On the other hand, 
the transverse striations on their unequal proximal parts and their fusion 
into a single structure which ends in a finger-like tip makes them resemble 
those of AT tortuosus more than those of any other species. 

The relation of N. tortuosus to N. neotoma is of particular interest 
because both have been found only in rats of the genus Neotoma. Nema- 
todirus neotoma Hall, 1916, has been taken from Neotoma desertorum, 
N. jallax, N . hailcyi, and from AT. rupicola; N ematodirus tortuosus from 
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two different species : Neotoma lepida intermedia and N. jusdpes macro- 
tis. The morphology of the nematodes likewise definitely sets them apart : 
N. neotoma is a smaller form with males measuring 8.0-10.5, females 
18.3-22.2 mm. The spicules are proportionately longer than those oi N. 
tortuostis. The ratio of the posterior extremity-anus distance to total 
body length is 1 : 170 as compared to 1 : 350 for AT. tortuosus and the vulva 
has a posterior position which serves to differentiate the females of the 
two species. 
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Explanation of Plates 
Memafodinis tortuosus n. sp. 

All figures were drawn with the aid of a camera lucida. 

Plate I 

Fig. 1. Anterior end of male, lateral view. 

Fig. 2. Posterior extremity of female, showing spinous process. 

Fig. 3. Region of vulva, showing vagina, ovejectors, ova, beginning of uteri, 


Plate II 

Fig. 4. Spicules: a~dorsal view of tips. b-Iateral view of tips; c~cross section 
of fused portion. 

Fig. 5. Spicules: a-entire spicules, lateral view; b-proximal unequal portions. 
Fig. 6. Bursa, dorsal view. 
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RESEARCH NOTES 

NOTE ON THE ASSOCIATION OF THE TICK, ORNITHODOROS 
TALAJE (GUeRIN-MENEVILLE), WITH BAT INFESTA- 
TIONS IN HUMAN DWELLINGS IN BRAZIL 

Specimens of a tick were collected by the author in 1939 at Carmo do Rio Claro, 
Minas Geraes, Brazil, on the ceiling of a farmhouse infested by many bats, and were 
identified as 0. talaje. Ticks of the same species from Campo Belo, a neighboring 
country of the above, had later been sent to Dr. H. Beaurepaire Aragao at the 
i Institute Os-waldo Cruz by Dr. A. Botelhos, who found them in beds in a house 

in that area. 

In addition, there were frequent reports in Carmo do Rio Claro of a tick found 
on the ceiling of houses, which was increasing in numbers, and whose bite caused 
edema and severe itching in persons. The possibility that flies of the families 
Nycteribiidae and Strebliidae, common in this region, were responsible for the bites 
was discounted when inhabitants of the farmhouses failed to describe tliem. In addi- 
tion, these flies are not known to leave their bat hosts. 

Large numbers of the bat, Histiotus velatus Geoff., were present in 2 farmhouses, 
and adult and 2 nymphal ticks were captured in a corner where the bats rested 
during the day. 

Specimens of this species were also taken in the bedroom of still another farm- 
house. Apparently the ticks fall into the beds from the ceilings which, in old farm- 
houses of this region of Brazil, are loosely constructed of bamboo. The fact that 
only larvae or nymphs parasitize the man is probably explained on the basis of a 
narrower host range in the adult. 

Recently (1940) in Viqosa, the author received specimens of this tick collected 
in a house by the inhabitants who stated that ticks frequently fell from the ceiling. 
The ticks disappeared when the bats w^ere removed. Bats, therefore, appear to be 
responsible for the introduction of these pests. 

? According to Aragao (1936, Mem. Inst. Oswaldo Cruz 31: 759-844), 0. talaje 

is common in holes of the rodent, Kerodon rupestris. Larvae and nymphs have been 
collected on Coelo genes paca and Dicotyles tajacn. That author states that large 
numbers of that species were found in a cave in Matto Grosso, Brazil, by Dr. Alipio 
de Miranda Ribeiro who made no reference to bats in the cave, how-ever. 

I So far as the author is aw-are, this is the first reference to the occurrence of the 

f tick, 0. talaje, as parasites of bats inside dwellings. In his opinion, the adult ticks 

in such places are strictly parasites of bats and removal of the bats also eliminates 
' the ticks. — Jose Candido M. Carvalho, Superior de Agriadtura e Veteri- 

I naria, Vigosa, Brazil; and University of Nebraska. 

PARALABURIS CUCKLERI N. SP. (NEMATODA) FROM THE IGUANA 
J (CYCLURACORNUTA) 

In 1938, A. C. Cuckler reported on the nematodes parasitic in a land iguana 
(Conolophus subcnstatfis} irom the Galapagos Islands (Allan Hancock Pacific 
Expeditions, 2: 137-165. U. of S. Calif. Press) and established a new genus of 
oxyurid worms— Paralaeuris ( Syphaciinae) — ^with P. dorochila as the type species. 
The present writer recently had the opportunity of examining a number of parasites 
collected from a West Indian Iguzm, {Cycliir a cormUa) which had died in the 
Zoological Gardens at Washington, D. C. Among the collections were large num- 
I bers of both sexes of an oxyurid that not only established the validity of the genus 

I Paralacuris, but added a second species to that genus. The new species is designated 

I as Paralaeuris citckleri, in recognition of the work done by Cuckler on the parasites 

I of the Iguanidae. 
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Paralaeuris cuckleri n. sp. 

Males; Average of 10 specimens. Length, 2.S mm; greatest width 0.12S mm ■ 
pharynx len^, 0.018 mm-; esophagus length, 0.5 mm; bulb length, 0.063 mm ; head-^ 
neive ring distance, 0.148 mm; head-excretory pore distance, 0.66 mm; cloaca-tail 
distance, 0.18 mm; spicule length, 0.081 mm; accessory piece length, 0.018 mm • 

one nm-fn/ ^ precloacal pedunculate papillae (almost double papillae), 

one, pair of sessile papillae on the anterior lip of the cloaca, and one pair of peduncu- 
late postcloacal papillae. Pedunculate papillae support distinct caudal alae 

-hmoZc.!-; Average of 10 specimens. Length, 3.1 mm; width at vulva bl9mm- 

^r™ng”&tame oTs ’ 0-063 mm; head- 

jLI® ""f “Stance, 0.15 mm; head-excretory pore distance. 0.75 mm; vulva-tail 

0.72 mm; egg size, 0.027 x 0.042 mm. E^gs 
ai e unsegmented at time of oviposition. ■ 

Type host: West Indian Iguana (Cyclura cormita). 

Jriabitat: Posterior intestine of host. 

P ZchUa CucSr'"^nrf T as in the case of 

i- aoroMa Cuckler, and the excretory pore is similarly post-bulbar in position 

The vagina and ovejector are well-developed. P. c^ickleri may be distinguished from 
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A. Pm alaeuns dorochtla. Ventral view of tail of male. 
h. P.mcklen. Ventral view of tail of male. 

L. P. dorocUla. Lateral view of tail of male. 

D. P. cuckleri. Lateral view of tail of male. 

material olP dor^M^ against cotype 

DivisT^: 0/ tl.e Zoological 

the type material is depSitt of Agriculture, and 

Galesburg, Illinois.' Contribution No. 77. • * ■ • Waltoj,, Knox College, 
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A PARAGORDIUS LARVA (GORDIACEA) IN A TREMATODE 

A Singh Paragordius larva was found in the parenchyma of a trernatode taken 
from the small intestine of the hog molly, Hypentelium nigricans collected from 
Honey Creek near Ann Arbor, Michigan, on May 3, 1941. The trernatode was 
identified as being very closely related to Plagioponis sinifsini Mueller, 1934 (Allo- 
creadiidae). One of six trematodes contained, just anterior to the genital pore, a 
Paragordius lSiTY^^ in a very early stage of development. The larva was free in the 
parenchymatous tissue. No spontaneous movement was visible and there was no 
indication of a cyst. The larva was very loosely bent Into the shape of a letter J, 
the posterior end being curved. This is the second record of the occurrence of a 
larva of Gordiacea in a trernatode. Cort (1915, J. Parasitol. 1: 198-199) found 
Gordius larvae in the trernatode species, Brachyc odium hospitale Stafford, 1903, 
from the intestines of the green newt, Diemictyhis viridescens. He found eight of 
sixteen trematodes from several different hosts infected, two containing two larvae 
and the others one each. — ^Jacob H. Fischthal, Dept, of Zoology ^ University of 
Michigan, Ann Arbor, Mich, 


EIMERIA ANTELOCAPRAE, A NEW COCCIDIUM FROM THE 
AMERICAN ANTELOPE 

A young antelope was struck by an automobile some twenty or more miles north 
of Laramie, Wyoming, February 9, 1941. Authorities of the Wyoming Game and 
Fish Commission were notified, and the badly hurt animal was killed and brought 
to the parasitology laboratory at the University of Wyoming stock farm. An 
examination for parasites was made the following day. A study of the contents of 
the cecum and large intestine revealed numerous oocysts. 

Two antelope fecal samples collected February 19, 1941, at a spring hole some 
twenty miles north of Laramie contained the same type of oocysts as those found in 
the killed animal. Of seven samples collected in the same area on March 19, three 
contained the oocysts, but in these they were not numerous. 

To the writer^s knowledge the literature includes no record of coccidia from the 
American antelope. The oocysts are not like those reported from cattle and sheep 
(Becker, 1934, “Coccidia and Coccidiosis” ; Christensen, 1938, Proc. Helm. Soc. 
Washington 5: 24; Christensen, 1938, J. Parasitol. 24: 453-467; Christensen and 
Porter, 1939, Proc. Helm. Soc. Washington 6: 45-48) although sheep and cattle 
range over the same area. Furthermore, the oocysts are different from those de- 
scribed from Orias canna (Triffitt, 192A) , Capella rupicapra, Cervus axis, Cerviis 
canadensis, Cervus capreohis, Cervus elaphus, Dania dama, (Rastegaieff, 1930, Arch. 
Protistenk. 71: 377-404), and Gacella siibgutturosa (Yakimoff et al, 1932, Z. Para- 
sitenk. 5: 85-93). These oocysts are, therefore, believed to represent a new coc- 
cidium for which the name Efmmo is proposed. 

The length and width measurements given in the description of these oocysts 
are based on a study of 200 oocysts : 67 from the killed animal, and 67 from one and 
66 from the other of the two fecal samples collected February 19. The differences 
among the length means and width means of the three groups are not statistically 
significant. The means and standard deviations for the three groups and for the 
total 200 oocysts are as follows: 


The sporont range in size and mean as given i$ based on measurements from 
25 oocysts. 




Group 1 

Group 2 

Group 3 

Total 

Number 


67 

67 

66 

200 

Mean length m- • 


31.1 

31.2 

30.2 

30.8 

St. dev. . . . 


2.0 

2.5 

; 2.3 

2.3 

Mean width jx . . 


26.5 

26.4 

25.3 

26.0 

St. dev. . . . 


1.2 


; \ 1.4 

1.5 
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Eimeria antelocaprae n. sp. 

Figs. 1 and 2 

Description of oocysts: Oocysts 24.6 to 35.2 jx (average 30.8 fx) long by 21.1 to 
29.5 II (average 26.0 |i) in traiisdiameter. Shape typically ellipsoidal, from 1,04 to 



Fig. 1. Unsporulated oocyst of Eimeria antelocaprae n. sp. 
Fig. 2. Sporulated oocyst of Eimeria antelocaprae ii. sp. 


1.34 (average 1.18) times as long as broad. Wall approximately 2.2 |a thick, smooth, 
transparent, nearly colorless to a faint dull yellow-green in tint with that part of 
wall just outside oocyst membrane darker. No micropyle nor thinning of wall at 
one end apparent. Sporont 16.5 to 19.8 ^ (average 17.8 |x) in diameter. Spores 
approximately 16.5 long by 9.2 p in transdiameter. Oocystic residual material pres- 
ent as a few? small irregularly shaped particles. 

^^ype host: Antelope {Antelocapra americana) 

7 Near Laramie, Wyoming. 

Henry Huizinga, Agricultuyal Experiment Station, Unwersify of IVyomina, 
Laramie. 

STUm-ESUVON STRONGYLUS VULGARIS 

VI. Tests WITH Organic Copper Salts 

^ Continuation of in vitro tests upon Strongyhis vulgaris similar to those reported 
previously (Whitlock,^ 1940, J. Parasitol. 26: 45-47; 49-57) has revealed several 
facts wdiich may be of importance in vivo work w?ith anthelmintics. 

The methods used in these tests have been described in detail in the previous 
papers. Briefly, a population of female Strong ylus vulgaris was collected from in- 
fected ceca at a nearby horse-slaughtering establishment. Test groups were selected 
at landom from this population and exposed to the action of the proper copper salt 
in warm 0.85% NaCl solution for 100 minutes. Each test contained one control 
group exposed to 0.85% NaCl alone. At intervals thereafter the worms w?ere tested 
for the presence of rigor mortis with a special apparatus. Those showing rigidity 
to resist a perpendicular pressure of 4.4 grams were considered dead. 

The chemicals used were CP. Molarity as herein used means the amount of 
salt per unit of water, not necessarily in solution. 

Table 1 gives the results of this series of experiments in wdiich the measurement 
of efficacy of the concentration of various copper salts used is given by the LT50 
(time necessary to kill one-half of the test group). This was estimated as in pre- 
vious papers by means of graphic analysis of probit mortality. It may be noted that 
the same concentration of each salt used produces a markedly different effect on 
different sample populations, but that salts which are constant in solubility produce 
almost the same relative effect on any given sample population as the standard salt 
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copper sulphate, a fact noted before in experiments with the cupric halides (Whit- 
t' lock, op, cit). 

I Some of the salts, however, present points of special interest. Copper tartrate, 

f, even though relatively insoluble, is effective in destroying Strongy his vulgaris in 

vitro. This is not true of many insoluble inorganic compounds, such as copper 
arsenite and carbonate. This accounts for copper tartrate’s efficacy in destroying 
nodular worms, as reported by Monnig (1935, Onderstepoort J. Vet Sc. 5 : 419-438) . 
I Copper formate is also worthy of notice since it is so much more effective than 

f copper sulphate and since the same concentration of sodium bicarbonate (0.1 per cent) 

j which inactivates 0.01 molar solutions of inorganic copper compounds does not com- 

pletely immobilize it. 

Table 1 


Experi- 

ment 

number 

CuS04 

Copper 

acetate 

Copper Q 
tartrate 

Copper 

sulpho- 

carbolate 

Copper 

formate 

Copper 
formate 
+ .1% 
NaHCOs 

1 

1 596 ' 


645 


206 

1 , 429 

2 

' 689 

524’'*^ 

740 

454 

298 


3 

746 

714 

613 

568 



4 

562 


552 


182 ' • 


5 

1208^ 




196 

1 460 


Basic copper acetate — lias twice as much copper available as ordinary copper 
acetate. 

Q Solubility is variable. 

Probably an error. 

Note : Each experiment contained one control group whose LT50 was at least three 
times larger than the largest LT50 in the experiment except in experiment 5. 

' Three conclusions may be drawn from these data. (1) This paper reempha- 

t sizes the existence of a marked secular variation in the reaction of Strongylus vul- 

garis to a lethal agent. Such a marked secular variation must be guarded against 
in tests in vivo. (2) Organic copper salts, unlike inorganic, need not be water 
soluble to be effective against a parasite either in vivo or in vitro. (3) Copper for- 
mate, because of its markedly lethal action and because of its resistance to inactiva- 
tion by sodium bicarbonate, should be tried as a substitute for copper sulphate in such 
diseases as haemonchosis of sheep.— -J. H. Whitlock, Kansas Agricultural Ex peri- 
ment Station, Contribution No, 89, Department of Veterinary Medicine, 

\ 

INTESTINAL PARASITES IN BOYS OF THE FLORIDA INDUSTRIAL 
, SCHOOL 

A survey of 188 white inmates of the Florida Industrial School for Boys (delin- 
quent juveniles), situated in Jackson County, Florida, has been made recently to 
I determine the incidence of helminthic and protozoan parasites. Jackson County in 

1937-38 was shown (Leathers, Keller, and McPhaul, 1938, Am. J. Hyg. 87(D) : 
1-16) to have a hookworm incidence of 44 per cent. Recently gathered unpublished 
data have shown this county to have an incidence of 60 per cent. 

The individuals examined in this survey have come from nearly every county in 
the state of Florida and represent a high school age group, i.e,, 12 to 19 years 
inclusive. 

A single examination of each specimen was performed by each of the three 
; following methods: (1) Within a few hours after passage of the specimen a fecal 

smear for iron hematoxylin staining was made. (2) All specimens were then ex- 
; amined by both the simplified zinc sulfate centrifugal floatation technic, and (3) the 

i' Willis’ brine levitation technic. The zinc sulfate in this simplified technic had a 

I specific gravity of 1.2, the same as the salt, and the cheesecloth straining and second 

I washing were omitted. 

I Intestinal parasites were found in 122 individuals (65 per cent). Nine different 

I species of parasites were recorded. Forty-four (23 per cent) harbored helminths 

and 107 (57 per cent) were found infected with protozoa. 
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The simplified zinc sulfate centrifugal floatation technic followed by staining 
with D’Antoni’s iodine was found to be the best general procedure for the recovery 
of helminth ova and protozoan cysts. Thirty-five (75 per cent) of the helminth 
infections, 77 (72 per cent) of the protozoan infections, and 94 (77 per cent) of the 
total parasitic infections were revealed by this method. 


Table 1 


Postives found 

Positives found by 
all three methods 

Most 

efiScient 

Per cent positives 
found by most 
efficient method 


No. 

Per cent 

method 

Hookworm 

35 


. 

14% , 

WMpworm 

9 

1 

81 

8 

29 

IS 

6 

2 

44 

107 

122 


Zinc sulfate 
Zinc sulfate 
Zinc sulfate 
Iron H. 

IronH. 

Zinc sulfate 
Iron H. 

Iron H. 

Zinc sulfate 
Zinc sulfate | 

Zinc sulfate | 

Tapeworm (H. nmiu) .. 

Mndamoeha coU 

JS. Mstolvtica ....... 

jEndolitnax nana 

(riardia lamhlia ...... 

Jodamoeha biltschUi . . . . 
Chilomastix mesnili .... 

Total Jaelmintlis 

Total protozoa 

Total parasite incidence 

0.5% 

43% 

4% 

15% 

9% 

3% 

2% 

23% 

57% 

65% 

4% 

0.5% 

34% 

3.7% 

10% 

7% 

3% 

2% 

18% 

41% 

50% 


, helminthic infections was lower than that known for most of 

the state of Florida and only about one-third that for the county in which the school 
IS located. However, conditions prevailing in this institution would tend to prevent 
the spread of hookworm infection and this in turn would lower the helminth inci- 
dence. Furthermore, hookworm infections in new arrivals at the school are treated. 
Most cases found in this study were probably residual infections from inefficiently 
treated cases. 

Protozoan infections were three times more numerous in this group than has 
been noted in the general population in Florida (unpublished studies). It is not 
known whether the individuals examined obtained their protozoan infections before 
or after entering the school. Food handlers in this institution were found unin- 
fected;— William A. Summers, Senior Parasitologist, Bureau of Laboratories, 

Florida State Board of Health, Jacksonville, Florida. 

A NOTE ON VITAMINS IN RELATION TO ECTOPARASITE 
RESISTANCE 

Searls and Snyder (1935, J. Econom. Entom. 28: 304-310) conducted some 
experiments on the control of ectoparasites of laboratory rats in 1935. During the 
course of the work it was noticed that those animals in better health apparently 
had less lice than those in a poor condition. These incidental observations were 
repeated many times and it was suggested that perhaps dietary factors had some- 
thing to do with the condition. Vitamin A was thought of first since there is abun- 
dant evidence to show that this factor has a profound effect upon endoparasites and 

is a physiological prophylactic against infection, in general. 

, 1936-37 the author conducted experiments at the University 

of Wisconsin on the relation of vitamin A to resistance of the albino rat toAts lice 
The results at that time indicated a strong positive correlation between adequate 
amounts of vitamin A in the diet and resistance of the laboratory rat to the multi- 
plication of the rat louse, Polyplax spinulosa Burm. 

Searls and Snyder (1939, J. Parasitol. 25: 425-130), basing further experi- 
mental work on the preliminary results of Kartman, concluded that ^Vitamin A was 
regulated the resistance or susceptibility of the rats to the 

Further observations upon the problem substantially confirm the preliminary 
results of Kartman and the work of Searls and Snyder. At this time it is possible 
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to add actual louse counts taken post mortem which give a quantitative value to the 
gross observations of louse infestation on the live rats. Rats raaintaiiied at a level 
of avitaminosis-A showed an average infestation of 1451.4 lice per rat ; rats given the 
curative treatment for avitaminosis-A showed an average infestation of 28.2 lice per 
rat; the control rats showed an average infestation of 12.5 lice per rat. These data 
are taken only from those rats which lived for 25 days or more after the onset of 
avitaminosis-A. It was also concluded that neither sex nor litter had any significant 
effect upon immunity to lice in the rat host. 

Notwithstanding the positive evidence cited above, the statement of Searls and 
Snyder attributing to vitamin A the main limiting role in the ability of the rat to 
resist the rat louse may be too sweeping, and the problem may not be quite that 
simple and clear-cut. Gyorgy (1938, Proc. Soc. Exper. Biol, and Med. 38: 383- 
385) showed that pediculosis was apparent in about 20 per cent of rats kept on a 
riboflavin-free diet for from eight to ten weeks. The lice were almost completely 
eliminated from the host by the therapeutic feeding of riboflavin. Asa C. Chandler 
(1941, Farrar and Rinehart, N. Y.) in his recent book on nutrition, “The Eater's 
Digest," after pointing out that members of the vitamin Bs complex may be linked 
with sulphur metabolism, suggests that this may be the way in which riboflavin 
influences pediculosis. 

In any event, it seems clear at this time, that we cannot state that any particular 
vitamin plays the single or even the “main" limiting role in determining the resistance 
of rats to their lice. The known work on this problem to date has shown simply 
that two variates (amount of vitamin in the diet and resistance to lice) maintain a 
fairly definite relation to each other. However, they tell nothing about the cause of 
the relationship but merely reveal its existence. 

The actual data therefore suggest that vitamin A cannot be taken as the “main 
factor" in the resistance of albino rats to lice. Rather it is one nutritional variate 
having a significant relation to possible cutaneous or metabolic changes which may 
cause a true immunity to develop against lice in the rat host. — ^Leo Kartman, U. S. 
Department of Agriculture, Bureau of Entomology and Plant Quarantine, 






COMMUNICATIONS 

CARLOS FINLAY AND YELLOW FEVER 

To the Editorial Committee of the Journal of Parasitology: 

I am most appreciative of the lengthy and detailed review of my book ‘Carlos 
Finlay and Yellow Fever’^ published in the August 1941 Journal by Dr. F. L. Soper, 
and I am in complete accord with his statement that : 

“It is indeed regrettable that unpleasant discussions as to who should get 
the credit for the mosquito transmission of yellow fever have occurred j 
surely there was glory and to spare for all who had any part in contributing* 
to the work which led to the control of the most fearful of tropical scourges.” 

the last part of which reproduces almost word for word the remarks of Dr. Guiteras 
at the banquet, presided over by Gen. Wood in Havana on December 22, 1900 A^s 
well as with that: 


“Surely it will not be difficult to reconcile rival claims.” 

My father and I have always been the first to recognize to the full the brilliant 
confirmatory and complementary work of the Reed Commission, permitting myself 
to reproduce the following words of my father at the above-mentioned banquet : 

“Twenty years ago, guided by indications, which I deemed certain, I sallied 
forth into an arid and unknown field ; I discovered therein a stone, rough in 
appearance. I picked it up and with the assistance of my efficient co-laborer 
—Dr, Claudio Delgado— polished and examined it carefully, arriving at the 
conclusion that we had discovered a rough diamond. But nobody would 
believe us, till twenty years later, when there arrived a commission com- 
posed of intelligent men, who in a short time extracted from the rough shell 

the stone to whose brilliancy none can now be blind.” 


I must however take exception to some remarks of Dr. Soper somewhat in con- 
tradiction with his conciliatory phrases. 

In the first place I object to my book being considered a brief at all and much 
less as a brief for the plaintiff in the case of Finlay vs. Reed et al, and Gorgas In 
any case it might be considered as a brief for the defense against persistent and un- 
warranted non-recognition of the full scope of my father’s work. It is moreover 
misleadiiig*, m this regard, to mix the Reed Commission with Gorgas, as my father 
never had any issue with the latter, whose share was limited to the sanitary practical 
confirmation of the mosquito theory, independent of the individual share of the 
parties concerned. 

• the stake between my father and the Commission is the non-admis- 

former’s alleged “positive cases” of experimental yellow 
fever, admittedly fewer m proportion and milder in intensity to theirs, based solely 
on the duration of the extrinsic incubation,” since they never discussed the cases 
clinically, an argument possibly tenable at a time when the supposed yellow fever 
parasite was held, like that of malaria, to spend a phase of its existence in the body 
of the mosquito, but is no longer so after the brilliant work of the South American 
yelIo\v fever workers (including Dr. Soper) which shows that the virus in the mos- 
quito IS infective from the moment of its ingestion and that the length of time required 
for It to reach its salivary glands and be infective through the bite varies from four 
days onwards accordmg to the outside temperature. 

I deplore with Dr Soper the introduction of nationalistic arguments into this 
discmsion, a fault to be found with some participants on both sides of the controversy. 

I he relative merits of the parties concerned are most clearly^ set forth in the 
following documents of strictly North American origin : 

. f- Gores’ final Report to Gen. Wood (Report of Brig. Gen. Wood-Report of 
Chief Sanitary Officer, July 12 , 1902 ; reproduced on page 118 of my book) ; 
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‘■‘In the summer of 1900 the commission of Army and medical officers headed 
by Walter Reed, U. S. Army, had been sent to Cuba for the investigation 
and study of yellow fever. Due to the financial assistance given by the 
Military Governor to this commission they 'were enabled to experiment on 
human subjects. They took up the theory advanced by Dr. Carlos J. Finlay 
of Havana in the j^'ear 1881 that the stegomyia mosquito was the sole means 
of transmission of yellow fever. Dr. Finlay had maintained his theory for 
some twenty years and had done considerable experimental work in this 
direction. 

The commission, through elaborate and careful experiments proved this 
to be correct. ... I myself had seen the work and was convinced that the 
mosquito could convey yellow fever but I was hardly prepared to believe 
that it was the only way or even the ordinary way of conveying the disease.” 

11. Memorial Tablet presented to the City of Havana by the Cit 3 r of New 
Orleans on December 3, 1941 : 

Alayoralty of the Citj- of “ 

New Orleans, Louisiana, U.S.A. 

To His Honor, the Mayor of the 
City of Havana, Cuba. 

Greetings : 

The people of New Orleans, recognizing their unpayable debt to Carlos 
Finlay, the immortal discoverer of the transmission and propagation of yel- 
low fever by the mosquito; and, 

Remembering that it was by the adoption of Carlos Finlay^s principles 
of anti-mosquito sanitation, so decisively confirmed by the heroic labors of 
the United States Army Yellow Fever Commission under the direction of 
Walter Reed, and irrefutably demonstrated by the marvelous efficiency of 
the anti-mosquito campaign conducted by Colonel William C. Gorgas in 
Havana in 1899-1900, that Havana and Cuba vrere definitely and perma- 
nently rid of the yellow fever pestilence; and, 

Since New Orleans, profiting by the example of Havana by adopting 
the same anti-mosquito tactics and strategy, achieved a definite and decisive 
victory over yellow fever in 1905, which delivered not only New Orleans 
but the whole North American continent from the terrors of the Yellow 
Fever peril, and again, 

In view of the unparallelled era of salubrity, prosperity and civic im- 
provement that has followed in the wake of that epochal victory of sanitary 
science over yellow fever in our city in 1905; and, 

Furthermore, in view of the happy and constantly growing commercial, 
cultural and good neighborly relations between New Orleans and Havana, 
that has been made possible primarily through Finlay’s discovery, it is hereby 

Resolved mxA ordered by the City Council of New Orleans that a copy 
of this letter be transmitted in suitable form for permanent preservation, to 
the Mayor of the City of Havana as a testimonial of gratitude and apprecia- 
tion contributed by the City of New Orleans to the public celebration of the 
one hundred and eighth anniversary (108th) of the birth of Carlos Finlay 
which is held in Havana on December 3rd, 1941, and that our honored and 
beloved fellow citizen, Dr. Rudolph Matas, Commander of the Cuban Order 
of Carlos J. Finlay, be commissioned to make this presentation in behalf of 
the City of New Orleans. 

The Mayor of the City 
of New Orleans. 

Yours very sincerely, 

C. E. Finlay, M.D. 



Vedado, Habana. 
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CONSERVATION OF SCHOLARLY JOURNALS 

To the Editorial Committee of the Journal of Parasitology: 

We are enclosing a brief statement of one of the aims of the Committee on Aid 
to Libraries in War Areas. 

The American Library Association created this last year the Commit- 
tee on Aid to Libraries in War Areas, headed by John R,%LSsdl, the 
Librarian of the University of Rochester. The Committee is faced with 
numerous serious problems and hopes that American scholars and scientists 
will be of considerable aid in the solution of one of these problems. 

One of the most difficult tasks in library reconstruction after the first 
World War was that of completing foreign institutional sets of American 
scholarly, scientific,^ and technical periodicals. The attempt to avoid a 
duplication of that situation is now the concern of the Committee. 

Many sets of journals will be broken by the financial inability of the 
institutions to renew subscriptions. As far as possible they will be com- 
pleted from a stock of periodicals being purchased by the Committee. 
Many more will have been broken through mail difficulties and loss of 
shipments^ while still other sets will have disappeared in the destruction 
of libraries. The size of the eventual demand is impossible to estimate, 
but requests received by the Committee already give evidence that it will 
be enormous. 

With an imminent paper shortage attempts are being made to collect 
old periodicals for pulp. Fearing this possible reduction in the already lim- 
ited supply of scholarly and scientific journals, the Committee hopes to 
enlist the cooperation of subscribers to this journal in preventing the sacri- 
fice of this type of material to the pulp demand. It is scarcely necessary to 
mention the appreciation of foreign institutions and scholars for this 
activity, 

^ Questions concerning the project or concerning the value of particular 
periodicals to the project should be directed to Wayne M. Hartwell, Execu- 
tive Assistant to the Committee on Aid to Libraries in War Are^, Rush 
Rhees Library, University of Rochester, Rochester, New York. 

• j* Committee will be grateful for your cooperation in this attempt to notify 
individual scholars of its hopes and plans. 

Sincerely, 

Wayne M. Hartwell, 

Executive Assistant 
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ROBERT WILLIAM HEGNER 
1880-1942 


By the death of Robert Hegner on March 11, 1942, parasitology in 
the United States has lost another of its important leaders. For almost a 
quarter of a century he had carried on extensive researches on the para- 
sitic protozoa and had been the director of an active group of students and 
investigators in this field. He was one of the founders of the American 
Society of Parasitologists, having been a member of the original com- 
mittee that drew up its constitution and called the first meeting in Wash- 
ington in 1925. When the Society took over the Journal of Para- 
sitology in 1932 he became the representative of protozoology on the 
first editorial committee. He was vice-president of the Society in 1928 
and its president in 1936, His relations with foreign workers in para- 
sitology have also been unusually close not only from the exchange of 
publications but also from personal contacts during his extensive travels. 
To his numerous students he was a close friend and advisor, and his 
charming personality and rare sense of humor made him a favorite wntli 
his colleagues. Parasitologists will long remember the delightfully in- 
formal way in which he presided at the meetings of the Society at Atlantic 
City in 1936.* Those of us who were with him during the last months 
of his life will never forget the brave fight that he made, when in spite 
of increasing pain and weakness he refused to give up and continued his 
lectures and the direction of his department until a few weeks before his 
death. 

Dr. Hegner was born in Decorah, Iowa, on February 15, 1880. He 
was graduated from Lyons’ Institute in Chicago and then continued his 
education in the University of Chicago where he received the A. B. degree 
in 1903 and the M.S. degree in 1904. During this period he acted as 
assistant in the Department of Zoology, spent one summer on a scientific 
expedition in Mexico, and several summers at the Marine Biological 
Laboratory at Woods Hole. Later, he went to the University of Wis- 
consin where he received the Pli.D. degree in 1908, the title of his dis- 
sertation being “The Origin and Early History of the Germ Cells in 

Hegner’s portrait, and presidential address given at Atlantic City, entitled 
^Tarasite Reactions to Host Modifications,^' were published in this Journal, 
February, 1937 (23: 1). 
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Some Chrysomelid Beetles.” During the years 1908 to 1917, he was an 
instructor and then assistant professor of zoology at the University of 
Michigan. At Michigan, he developed further his interest in the germ 
ceil cycle of insects, publishing a series of about 20 papers on this sub- 
ject and a book, ‘^The Germ Cell Cycle in Animals,” which appeared in 
1914. During this period, also, he published his ‘Introduction to Zool- 
ogy,” 1910, and the first edition of his “College Zoology,” 1912, which 
has continued as a leading text book up to the present time. In fact, the 
fifth edition of the College Zoology was finished just before his death, and 
will be published this summer. 

During 1917 and 1918, he held a Johnston Scholarship in the De- 
partment of Zoology of the Johns Hopkins University. Here he carried 
out his first researches on the protozoa and published a series of five 
papers on variation and heredity in the free-living species, Arcella den- 
tata. While in Baltimore, he received an offer of a position in the newly 
organized School of Hygiene and Public Health of the Johns Hopkins 
University. Seeing clearly the possibilities of the field of parasitology in 
relation to public health, he joined the staff of this institution in 1918. 
Here he organized the work in medical zoology and developed research 
and teaching in protozoology. He served this institution for more than 
two decades, devoting himself to the study of the parasitic protozoa, but 
fostering, also, active work in the whole field of parasitology. His own 
researches covered all phases of his subject, and his publications during 
this period were very numerous, totaling almost 150 titles. In addition, 
he stimulated research activity in those around him. Foi'ty students 
received the doctorate under his direction and a number of other investi- 
gators studied in his laboratory. After a few years, his department be- 
came one of the most active centers of research in parasitology in the 
world. 

Dr. Hegner was a great traveller, and his researches on the protozoan 
diseases of man took him frequently into the field. He directed several 
expeditions in tropical America, spent a year in the Philippine Islands, 
and in 1938 worked for five months at the Institute of Public Health in 
Mexico City. In addition, he travelled widely in Europe, the Orient, 
and South America. He was a member of many scientific societies in 
this country and abroad, and was on the editiorial boards of a number of 
journals of zoology, parasitology, and tropical medicine. 

Dr. Hegner's personal contributions to parasitology were many and 
varied. He was the author of the following books in this field : ( 1 ) Diag- 
nosis of Protozoa and Worms Parasitic in Man (with W. W. Cort), 
1921 ; (2) Outlines of Medical Zoology (with W, W. Cort and F. M. 
Root), 1921 ; (3) Human Protozoology (with W. PL Taliaferro), 1924; 
(4) Host- Parasite Relations between Man and His Intestinal Protozoa, 
1927; (5) Problems and Methods of Research in Protozoology (with 
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J. Andrews), 1930; (6) Parasitology, 2nd ed. (with F. M. Root, D. L. 
Aiigustine, and C. G. Huff), 1938; and (7) Big Fleas Have Little Fleas, 
1938. 

In research, while centering his attention on the human protozoa, he 
also constantly developed the zoological aspects of the subject. It would 
take too long to try to analyze in detail his research contributions. A 
number of liis papers dealt with the systematics and morphology of the 
protozoa of man and other animals. Still others gave the results of 
surveys of human intestinal protozoa in countries which he visited. His 
main interest, however, w-as in the study by experimental methods of the 
factors influencing the transmission of parasitic protozoa and of the rela- 
tions of the host to its parasites. In this connection he introduced the 
term ‘‘host-parasite relations,’' wFich has been widely used. One line 
of research on host-parasite relations which he started rather early and 
came back to from time to time was the relation of the diet of the host to 
its infection with intestinal protozoa. Of most interest, perhaps, in this 
connection was the finding that a carnivorous diet in mammals is unfavor- 
able for the intestinal flagellates. Another series of his investigations 
w'as concerned with the biology of intestinal protozoa, particularly Tri- 
chomonas and other flagellates, as studied in vitro and in laboratory ani- 
mals, particularly the rat and newiy hatched chicks. Also, on one of his 
trips to Panama he had the opportunity of studying experimental 
amebiasis in monkeys and made significant contributions to our knowi- 
edge of the histopathology of this disease. 

He had early recognized the importance of experimental studies on 
malaria and using various species and strains of bird malaria, carried out 
with the aid of a number of his students studies on all phases of the ma- 
larial problem. During the last six years, these studies completely domi- 
nated his interest and absorbed the whole research efforts of his depart- 
ment. Of the numerous results that have come out of this program on 
bird malaria, perhaps, the most important have been those that dealt with 
the significance of acquired immunity and with the relation of the suscep- 
tibility of young red blood cells to the course of the infections. In his 
last paper, published in September, 1941, he reported the successful treat- 
ment of bird malaria wuth a new drug, which is now' being tried on hunian 
malaria. 

Dr. Hegner’s personal accomplishments in research were supple- 
mented by the investigations of his numerous students and the visiting 
investigators in his laboratories. A large proportion of his students are 
still engaged in research in protozoology, and some already hold positions 
of leadership. Thus, his influence will long continue. He lived a very 
full and rich life, and left behind him an unusually large body of accom- 
plishments. — ^W. W. CoRT, School of Hygiene and Public Health, Johns 
Hopkins University. 




LIFE HISTORY STUDIES ON TWO TREMATODES OF THE 
SUBFAMILY NOTOCOTYLINAE* 

E. C. Herber 
Dickinson College, Carlisle, Pa. 

During the summer of 1939 several species of notocotylid cercariae 
were isolated from naturally infected snails collected from the Douglas 
Lake region, Michigan. Cysts formed from cercariae of two of these 
species were fed to a wide variety of different animals and adults were 
obtained in suitable hosts. In 1940, intermediate hosts were infected with 
eggs obtained from the adults of these two species and the early larval 
stages were followed in the snail intermediate hosts. 

A review of the literature showed accounts of about ten experiments 
in which cercariae and adults were connected in notocotylid life cycles. 
In four cases the adults were identified as Notocotylus aUenuatus Rud. 
[Joyeux (1922), Mathias (1930), L. and U. Szidat (1933), and Yama- 
guti (1938)]. The others dealt wdth forms that were identified as six 
different species [Harper (1929), L. and U. Szidat (1933), U. Szidat 
(1935), Luttermoser (1935), and Yamaguti (1938)]. In only one case 
was the snail intermediate host experimentally infected (Joyeux, 1922). 
Joyeux, therefore, gave the only description of a notocotylid mother sporo- 
cyst. Only in a few cases have two generations of rediae been reported 
for the larval stages in this group. 

The present communication deals with life history studies on twm 
species of notocotylid trematodes parasitic in mammals and birds. The 
first, Quinqueserialis quinqueserialis (Barker and Laughlin, 1911), has 
been reported previously only in the adult stage. Its intermediate stages 
are found in Gyraulus parvus (Say). The second, Notocotylus stagni- 
colae n. sp., is previously undescribed in any stage. Its intermediate 
stages are found in Stagnicola emarginata angulata (Sowerby) and S. e. 
canadensis (Sowerby). 

materials and methods 

Natural infections of larval stages were obtained in snails collected 
from Douglas Lake, Walloon Lake, and Burt Lake, Michigan. Mature 
cercariae were studied alive and also from permanent whole mounts 

Received for publication, June 11, 1941. 

Contribution from the Biological Station of the University of Michigan and 
the Department of Helminthology of the School of Hygiene and Public Health of 
the Johns Hopkins University, Baltimore, Maryland. The writer wishes to express 
his indebtedness to Dr. W. W. Cort, who suggested the need for this investigation 
and whose suggestions and criticisms throughout the course of the work were 
invaluable. 
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stained in Ehrlich’s acid hematoxylin. Some cercariae were fixed in hot 
10 per cent formalin for measuring. Metacercariae were studied alive 
and as permanent whole mounts stained in paracarmine. Lettuce-lined 
stender dishes were used in obtaining cysts for feeding experiments. 

Of the experimental final hosts, albino and hooded rats, ducks, and 
part of the chickens were raised in the laboratory. The rest of the 
chickens were purchased from nearby farms and the meadow mice were 
trapped. The adult worms were studied alive or fixed in Gilson’s fluid 
heated to about 65° C. Sections were made from material fixed in 
Bouin s solution. Freshly shed eggs were fixed by dropping into hot 
fixing solutions. 

Laboratory raised snails, S', e. angulata, were used for the infection 
experiments with N. stagnicolae. Small specimens of G. parvus with a 
low incidence of infection with Q. quinqueserialis, were used for the infec- 
tion experiments with that species. It was therefore necessary to take 
special precautions so that natural infections would not be mistaken for 
experimental infections in these snails. A week after exposure to freshly 
shed eggs, snails were first examined with a dissecting microscope for 
evidences of infection. 

In connection with the study of ventral glands in adult worms a new 
method was devised by which a permanent impression of fixed worms 
could be made on the film side of lantern slides. The unused lantern slide 
IS cut to the size of microscope slides and placed in hypo for 20 minutes. 
Then the strips are washed in water and allowed to dry until the gelatin 
is of rubber-like consistency. The ventral side of the worm is flattened 
on this film for several minutes with the pressure of a lead weight on top 
of a strip of heavy glass. The worm is shortly peeled off and an impres- 
sion is left permanently on the film which shows clearly the position and 
number of ventral glands. 

THE LIFE CYCLE OF Quinqueserialis quinqueserialis (barker 

AND LAUGHLIN) 

The adult stage of Q. quitiqueserialis is a parasite of the cecum of 
muskrats and meadow mice. Eggs deposited with the cecal material 
gradually pass out with the feces. A group of experimental snails, which 
was examined at intervals for 26 days after exposure to the eggs, gave 

information on the course of development in the intermediate host 
(Table 1). 

The Eggs and Injection of Intermediate Hosts. — ^Adult worms, raised 
experimentally in the meadow mouse, were placed in stender dishes con- 
taining saline. A short time later filamentous eggs were extruded from 
the genital pore in the form of ropy masses. The shell of the egg is light 
brown, oval, operculate, and has polar filaments. Twenty eggs fixed in 
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Table L — Sequence of stages of Q. quinqueserialis in the intermediate host, Gyrauliis 
parvus, exposed to eggs on hdy 27, 1940 


Age of 
infec- 
tion in 
days* 

Number 

of 

stages 

found 

Stage of development 

Position ill snail 

9 

1 0 

6 

9 

Iininature mother sporocysts 

Mantle 

11 

32 



13 

8 

jMature moUier sporocysts 


14 

2 



2 

]\Iother rediae 

Along intestine 

16 

3 

aiature mother sporocysts 

Mantle and along intestine 

17 


Mantle 


38 

Mother rediae 

.Along intestine 

18 

1 

Mature mother sporocyst 

Found loose 


1 

Mother redia 

.Along intestine 

19 

7 

Mother rediae with d. rediae 

Along intestine and in digestive gland 

20 

1 

Mother sporocyst 

Mantle 


40 

Mother rediae (estimated) 

.Along intestine and in digestive gland 


4 

Daughter rediae 

In digestive gland 

21 

1 

Mother sporocyst 

Mantle 

22 

47 

Rediae (mother and daughter) 

Along intestine and in digestive gland 

23 

32 

Rediae (mother and daughter) 

In digestive ghuid 


14 

Immature cercariae 

24 

43 

Rediae (mother and daughter) 

Along intestine and in digestive gland 


9 

Immature cercariae 

In digestive gland 

25 

88 

Rediae (mother and daughter) 


21 

Immature cercariae 

« Ai 

26 

46 

Rediae (mother and daughter) 

it it tt 


11 

Immature cercariae 

it ti tt 



Mature cercariae 

it ii a 


* Oii6 snail was examined on each of these days. 



hot Giison^s had lengths varying from 0.018 to 0.021 mm and widths from 
0.011 to 0.014 mm. The lengths of the polar filaments varied from 0.268 
to 0.436 mm. In spite of the opacity of the egg shell which made obser- 
vations of the contents difficult, they could be seen to contain miracidia. 

On July 27, 1940, several lots of small specimens of G. parvus were 
exposed to eggs of Q. quinqueserialis. A control series of a dozen snails 
from the same collection was not exposed to eggs. The following descrip- 
tions except for older cercariae and metacercariae were made from this 
experiment in which 25 out of 28 snails were infected with young larval 
stages. The other three snails were found to have mature natural infec- 
tions of this species and unfortunately were not examined any further for 
young larval infections. Controls had a similar percentage of mature 
natural infections ; the rest were negative. Some laboratory raised Physa 
gyrina were also exposed to eggs of Q. quinqueserialis, but examinations 
two weeks later revealed no evidence of infection. 

The M other Sporocyst (Figs. 1, 2) . — The youngest mother sporocysts 
recognized were found imbedded within the mantle lining as early as 9 
days after exposure to infection. The sporocyst at this stage is sac-like, 
oval or round, and measures between 0.023 and 0.026 mm in diameter. 
The wall is lined with a layer of epithelial cells. A mass of cells is loosely 
attached to the inside wall. Ten days after exposure more of these oval 
sacs were found containing germinal masses of different sizes. In later 
examinations up to 21 days after infection sporocysts of increasing size 
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Avere found in which the rediae could be distinguished (Table 1). Some 
were firmly imbedded in the mantle; others were loosely attached along 
the intestine, and a few were found loose in the dish when the snail was 
opened. The largest sporocyst found measured 0.243 mm in diameter 
The number of sporocysts found in a single snail varied, the highest being 
32. The number of rediae inside the sporocyst is always 4. No birth pore 
was observed in the sporocyst wall and apparently the mother rediae are 
able to break through the wall at any point. 

The Mothe}- Redia (Fig. 3). — As early as 14 days after exposure 
small, almost colorless mother rediae were found free along the intestine ; 
the smallest was 0.125 mm long and 0.053 mm wide. After the mother 
redia inside the sporocyst has developed a pharynx, a narrow hyaline 
lumen with dilations extends from the phaiynx into the body cavity to 
form the intestine. This latei' enlarges to form a large sac-like intestine 
filled with dark yellowish granules and occupying a good deal of the body 
cavity of the redia. In a large redia the pharynx measured 0.038 by 0.034 
mm. 2 he mouth is terminal and capable of considerable protrusion and 
contraction. Seven mother rediae containing daughter rediae were found 
in the digestive gland of a snail 19 days after exposure. One of these 
rediae had 5 daughter rediae and 17 germ balls. The largest mother redia 
seen measured 0.70 by 0.20 mm. It was impossible in the experimental 
snails to differentiate immature mother and daughter rediae free in the 
tissues. 

The Daughter Redia (Fig. 4). — Daughter rediae were observed free 
m that part of the digestive gland nearest to the stomach 20 days after 
infection. At the time of the escape from the mother redia a daughter 
redia measured 0.109 by 0.046 mm. Older daughter rediae are yellowish 
elongate sacs, narrow at the anterior end and wider towards the posterior 
end. They are like mother rediae and can only be distinguished from 
them by the presence of developing cercariae. The smallest daughter redia 
containing embryos that could be recognized as developing cercariae mea- 
sured 0.41 by 0.16 mm; the largest 1.31 by 0.23 mm. Most mature 
daughter rediae contain a few well developed cercariae and about a dozen 
genn balls in various stages of development. In many cases eye-spots in 
these cercariae are well developed and are visible through the walls of the 
rediae. 

The Cercarw (Figs. 5-8).— Cercariae, almost mature, emerge from 
the birth pore of the rediae and migrate into the digestive gland where a 
short period of maturation occurs. Maturing cercariae, 23 days old ex- 
hibited little motion and it was not until 3 days later that actively swim- 
ming cercariae were observed. Under favorable conditions of light and 
temperature fully developed cercariae may be seen emerging from the 
snails between the hours of 9 and 11 A.M. The body is usually ovoid but 
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almost finger-like when fully extended. The tail when extended is almost 
twice as long as the body and capable of considerable extension and con- 
traction. Ten fixed specimens measured 0.23 to 0.28 mm in length by 
0.13 to 0.17 mm in width. The tail varied in length between 0.39 and 
0.52 mm. The whole body is opaque and packed with cystogenous cells. 
The excretory system consists of two trunks joined anteriorly and dis- 
charging posteriorly into the sides of the excretory bladder. The excre- 
tory tubes join to form a finger-like diverticulum below or to the side of 
the median eye-spot. A large number of fine granular excretory concre- 
tions, unequally distributed, are found in these tubes. 

The Metacercaria (Fig. 9), — After the cercariae emerge from the 
snail they readily encyst on vegetation or on the surfaces of the containing 
vessel. The process of encystment is completed in 3 to 5 minutes. Ten 
cysts scraped from the surface of a stender dish on which they had formed 
20 minutes previously varied in diameter from 0,16 to 0.18 mm. In side 
view they are hemispherical, the attached surface being flat. The meta- 
cercaria is infective soon after encystment and may remain so for at least 
3 weeks if kept refrigerated. 

Injection oj Definitive Hosts. — Cysts, from naturally infected snails, 
formed on lettuce were fed to 4 ducks, 1 pigeon, 1 chicken, 1 rat, and 9 
meadow mice but only the latter were successfully infected. The mice 
used in these experiments were kept in the laboratory for some time before 
they 'were fed cysts. 

The first 2 mice that were fed cysts died three and eight days after 
infection. Both harbored large numbers of immature worms. Later 2 
more mice were fed about 40 cysts apiece and after 10 days their fecal 
pellets were examined daily. In one filamentous eggs were detected 16 
days after feeding the cysts. This mouse was sacrificed 23 days after feed- 
ing and found to have 10 adults in the cecum and 4 in the ileum. The 
other mouse was found to harbor 39 adult worms when it was autopsied 
29 days after infection. These specimens appeared to be fully grown as 
eggs were found in the feces for 12 days prior to sacrificing the host. Five 
other mice were successfully infected and worms of different ages recov- 
ered. Specimens of the same species were also obtained from naturally 
infected muskrats at Douglas Lake, Michigan and Carlisle, Pennsylvania. 
Three specimens from the U. S. Nat. Mus. Helm. Coll., Nos. 28185, 
40961, and 40981 taken from the cecum of muskrats and used by Harwood 
(1939) in his description of Q. qninqueserialis, were also available for 
comparison. No opportunity was presented to study the original ma- 
terial described by Barker and Laughlin as Notocotyhis quinqiteserialis. 

Adult (Figs. 10, 12).— Because the earlier descriptions were neither 
made from experimental material nor fimm worms of known age addi- 
tional data on this species is given with measurements of 20 'whole mounts 
from the 29-day-infection in the meadow mouse., 
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Description: Medium sized, oval, muscular flukes, 2.91 ± .29 (2.53-3.51) mm 
long by 0.93 ±.11 (0.86-1.09) mm wide; anterior end more or less pointed, posterior 
•end rounded ; cuticle beset with minute spines on anterior half of ventral surface ; 
oral sucker large, ventral, 0.34 ±.04 (0.21-0.43) mm in diameter; esophagus very 
short, bifurcating almost immediately ; ceca irregular tubes descending to some dis- 
tance below posterior median margin of testes with many dilations and indentations ; 
genital pore ventral, posterior to intestinal bifurcation ; five rows of ventral glands, 
number in lateral rows 16 to 19 with a mean of 17, in middle row 14 to 16 with a 
mean of 15; testes lobed, 0.48 ±.05 (0.41-0.60) mm long by 0.27 ±.03 (0.21-0.35) 
mm wide; cirrus eversible, echinate; ovary lobed, 0.28 ±.03 (0.22-0.34) mm long by 
0.22 ±.02 (0.17-0.25) mm wide; vitellaria lateral, with about 12 to 17 groups of 
follicles on each side ; position of vitellaria ( length of body divided by forward extent 
of follicles) 1.9 to 2.2 with a mean of 2.1 ; uterus continues forward from the ootype 
in numerous transverse coils some of which extend beyond the ceca; uterine loops 
between vitellaria and cirrus sac on side of metraterm 4 to 7 with a mean of 6; 
seminal receptacle absent but replaced by a seniinis receptaculum uterinum ; excre- 
tory bladder receives 2 branched excretory tubules joined anteriorly below the oral 
sucker. 

Only three described species resemble my material which has a large 
oral sucker and 5 rows of ventral glands. They are Q. quinqueserialis 
{-Notocotyhis Barker and Laughlin, 1911) from the 

muskrat and also from the meadow mouse (Harrah, 1922), Notocotylus 
hassalli McIntosh and McIntosh, 1934, from Microtus pennsylvaniciis and 
from Zapiis hudsonius (Erickson, 1938), and N. wolgaensis Skvortsov, 
1935, from Arvicola ten^estris. Comparisons indicate that my specimens 
were not N, hassalli because they have a smaller number and smaller 
clusters of vitelline follicles. Also they are not iV. wolgaensis because it 
has the same number of ventral glands in each row. They were found to 
helongto Q, quinqueserialis. 

The above description of Q. quinqneseriaUs agrees with the original 
except in a few points. The original stated that there are from 16 to 18 
ventral glands in each row but in more than 80 specimens examined I have 
found the most common number of glands in the five rows to be IS for the 
median and 17 for all the other rows. The next most common combina- 
tion was 15 for the middle row and 18 for all the other rows. The highest 
total number counted in one specimen was 92 in which the middle row 
had 16 and all the other rows had 19. Large worms had about the same 
number of glands as smaller specimens. The original description also 
stated that the excretory tubules end blindly whereas they are found to, 
join anteriorly below the oral sucker. The variations in body measure- 
ments are also greater in the original than in my material which was all 
of the same age. These differences are minor and can be explained as 
due to the small number and differently fixed specimens used for descrip- 
tion. My material agrees with the redescription of Q. quinqueserialis 
given by Harwood (1939). 

THE LIFE CYCLE OF Notocofyliis staguicolae n. sp. 

The second species, N. stagnicolae n. sp., has a life history similar to 
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that of Q. quinqueseriaUs, In this case, however, the intermediate hosts 
are varieties of Stagnicola emarginata z.nd the adults develop more readily 
in birds than in mammals. 

The Eggs and Infection of Intermediate Hosts. — The eggs of N. stag- 
nicolae obtained from an experimental chicken are slightly larger than 
those of Q. quinqueseriaUs. The polar filaments are also longer (Fig. 
23). Twenty fixed specimens measured 0.021 to 0.025 mm in length by 
0.014 to 0.017 mm in width. The filaments varied in length from 0.50 
to 0.62 mm. 

On August 5, 1940, eggs from 84 worms, taken from an experimental 
chicken, were placed with about 200 laboratory-raised juveniles of S. e. 
angulata. A week after exposure some of these snails were examined. 
After this, examinations were made daily with few exceptions for a month, 
and then at longer intervals until the termination of the experiment 8 
months after infection. Every one of 97 snails examined was infected 
with some larval stage of this species. G. parvus and P. gyrina, exposed 
to eggs of N. stagnicolae, were found uninfected 23 days later. 

No eggs were seen to hatch but infection probably occurred by pene- 
tration of the miracidia. The descriptions of all the larval stages except 
the daughter rediae and cercariae, which were studied from natural infec- 
tions in 6', e. canadensis and S. e. angulata, were made from material 
found in the examinations of these experimental snails. After 18 days 
the weather became much cooler and the lower temperatures in the labora- 
tory probably retarded development considerably. Therefore, the time of 
appearance of the various stages and the sequence of development cannot 
be considered as normal in this experiment. 

The Mother Sporocyst (Figs. 13-16). — The first mother sporocysts 
were found 7 days after infection. They were small spherical sacs about 
0.035 mm in diameter, attached along the intestine by very thin mem- 
branous tissue. At this stage I could not distinguish any germ cells or 
developing embryos inside the sporocysts. The earliest embryo of a 
mother redia which consisted of about 8 cells was found 9 days after infec- 
tion suspended in the cavity of a sporocyst 0.053 mm in diameter. In 
another sporocyst in the same snail a single developing redia was observed 
in wdiich a pharynx could be made out. Many sporocysts each containing 
a single developing mother redia were found about 2 weeks after infection 
(Figs. 13—15). Eighteen days after exposure a well developed sporocyst 
(0.239 mm in diameter) was found containing a mother redia (Fig. 16) 
similar to those found free in the tissues along the intestine or in the diges- 
tive gland of the same snail. Sporocysts always contained only one redia 
and were found in the snails up to 33 days after infection. The heaviest 
reported sporocyst infection was 23, distributed throughout the mantle 
and along the intestine. Several sporocysts in other snails were found in 
the digestive gland. 
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The Mother Redia (Fig. 17) . — As early as 14 days after infection and 
in most examinations for 8 months afterwards, mother rediae were found 
in the tissues of the experimental snails. At first they were located along 
the intestine but later they were all found in the digestive gland. The 
smallest free mother redia measured was 0.17 mm long by 0.08 mm wide ; 
the largest 1.33 mm long by 0.19 mm wide. The number of free mother 
rediae in any one snail varied between one and 22 although one snail had 
11 mother rediae and IS mother sporocysts each containing one redia 
making a possible total of 27. 

Mother rediae first showed food particles in the intestines 22 days 
after infection of the snails. The number and size of the food particles 
and the amount of pigmentation in the body wall increased as development 
progressed. In infections of 3 months or longer the mother rediae could 
be distinguished rather easily from the large number of daughter rediae 
by their larger size and deeper pigmentation. One large mother redia con- 
tained about 27 germ balls and another 15 daughter rediae and about 12 
germ balls. Keeping the snails in the laboratory during the winter and 
feeding them bits of lettuce apparently produced conditions which brought 
about degeneration of daughter rediae. Besides an actively moving 
daughter redia one old mother redia contained the anterior ends of 2 
daughters each consisting of a pharynx and a small portion of the body 
posterior to it. Why one of the rediae was apparently normal while 2 
others in the same mother were degenerating is difficult to explain unless 
we suppose that the active redia had just matured and would degenerate 
later. 

The Daughter Redia (Fig. 18). — Daughter rediae with pharynx and 
narrow intestinal lumen were first seen in the mother rediae of experi- 
mental snails 24 days after exposure. One of the larger developing 
daughter redia within the mother measured 0.37 mm in length by 0.17 
mm in width. One of the first daughter rediae found free in the digestive 
gland of a snail 27 days after infection measured 0.389 by 0.194 mm. The 
number of daughter rediae in the experimental snails gradually increased. 
In one 45 -day-infection there were 38; in 51 days about 50 ; in 75 days 
about 90; in 100 days about 100; in 195 days about 500. My estimate is 
that each mother redia produces at least 25 or 30 daughters. The large 
numbers of rediae found in the experimental snails was due to multiple 
infection. 

Twenty-five mature fixed specimens of daughter rediae obtained from 
a natural infection in 5. e, angulata varied in length from 0.70 to 1.15 mm 
and in width from 0.17 to 0.27 mm. The pharynx varied from 0.059 to 
0.075 mm in diameter. The esophagus was short and measured between 
0.01 1 and 0.041 mm in length. The intestine of mature specimens is filled 
with particles of various sizes and extends into the posterior third of the 
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bod}'. The number of developing cercariae far enough advanced to show 
eye-spots is usually 3. The number of germ balls varies from 8 to 16. 
Ill several rediae the germ balls appeared to be concentrated in a funnel- 
shaped structure near the posterior end (Fig. 18). The most fully devel- 
oped cercariae inside the rediae contained pigment material in the anterior 
end and an outline of the excretory trunks devoid of granules. The color 
of mature rediae is usually yellowish or brown. 

The Cercaria (Fig. 19). — Notocotylid cercariae emerging from one 
specimen of wS’. e. canadensis collected from Walloon Lake, Michigan, were 
first suspected of being new for the region because they escaped late in 
the morning or shortly after noon. Their encystment was also delayed; 
in some cercariae the interval between emergence and cyst formation was 
as long as 20 minutes. Other observations on the course of the excretory 
tubules and measurements of body, tail, and cyst made it certain that this 
was a new" species. Eleven additional infections of this type of cercaria 
were found in specimens of e, angulata collected in Burt Lake. Meta- 
cercariae from both collections were fed to experimental animals and 
identical adults recovered. 

Eggs from some of these adults served as a source of infection for the 
experimental snails. Generally the digestive glands of these snails con- 
tained very few cercariae in spite of the length of the infection and the 
large numbers of rediae present. Five free swimming cercariae were 
recovered from one snail 75 days after exposure to infection. A normal 
daily cercarial output from a naturally infected snail is usually over 50. 

The cercariae of N. stagnicolae have 3 eye-spots when mature but in 
undeveloped cercariae the pigment is diffuse around the anterior end, with 
clumps in the area of the 2 lateral eye-spots. The bodies of 25 free swim- 
ming specimens fixed in Gilson’s measured 0.32 to 0.57 mm in length by 
0.08 to 0,21 mm in width. The tails varied in length between 0.62 and 
0.94 mm or about tw"ice as long as the body. The body is not as opaque 
as that of the cercaria of Q. quinqueserialis. The main parts of the excre- 
tory system consists of 2 trunks joined anteriorly below the median eye- 
spot and discharging posteriorly into the anterior sides of the excretory 
bladder. 

The Metacercaria (Fig. 20) .- — Encystment sometimes occurred on the 
shell of the snail from which the cercariae w"ere emerging although other 
surfaces are the usual sites for cyst formation. The time between emer- 
gence and cyst formation was from 5 to 20 minutes. Twenty-five cysts 
measured 0.20 to 0.25 mm in diameter with a mean of 0.23 mm. The 
encysted stage is infective as soon as fed to suitable definitive hosts. Cysts 
were also infective if kept in the refrigerator for at least a week. 

Injection of Definitive Hosts, —Cy^ts formed from cercariae emerging 
from naturally infected snails were fed to 7 ducks, 7 chickens, 2 blue-wdnged 
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teals, 5 laboratory rats, 2 meadow mice, and 1 white mouse. A total of 
283 worms of various ages were collected from the teals, ducks, and 
chickens. One immature specimen was found in the laboratory mouse 
and 4 worms in two of the rats. 

The first successful infection resulted from feeding a young blue- 
winged teal; the second from feeding a merganser duckling; the third 
from feeding a laboratory-raised duckling. The 3-day-old worms recov- 
ered from the cecum of the blue-winged teal showed evidences of 2 remain- 
ing eye-spots and a beginning of the branching of the excretory trunks 
(Fig. 21). The 8-day-old worms taken from the merganser duckling 
were nearly mature and showed 3 rows of ventral glands. The 19-day-old 
worms taken from a laboratory-raised duckling appeared fully grown. 
The heaviest infection was obtained in a young rooster fed about ISO 
cysts. Seventeen days later 120 mature worms were recovered, of which 
84 were found in one cecum and 36 in the other. All ducks and chickens 
which were fed cysts of this species yielded positive infections in the 
cecum. 

Many mice and rats were fed cysts but only one mouse and 2 rats 
yielded worms, many immature. The results of feeding experiments with 
these animals indicate that they are abnormal hosts for this species. Since 
birds are the most suitable hosts it would be expected that wild waterfowl 
inhabiting the Douglas Lake region would be expected to be the natural 
hosts for this species. Eleven specimens of this form were taken from a 
semi-palmated plover, Aegialitis semipalmatay by Dr. Sterling Brackett 
at Douglas Lake. 

The Adult (Figs. 22, 24, 25). — Twenty specimens of whole mounts 
taken from the cecum of an experimental chicken 13 days after infection 
were used in making the measurements for the following descriptions : 


otocotylus stagmcolae n. sp. 

(Figs. 21-25) 

Specific Diagnosis: Adult; characteristics of the genus; body elongate, concave 
ventrally, muscular, 2.99 + .18 (2.67-3.40) mm long by 0.83 ±.06 (0.72-0.94) ram 
wide ; anterior half of ventral surface covered with many spines arranged in oblique 
rows; oral sucker ventral, muscular, 0.16 ±.008 (0.13-0.18) mm; esophagus 0.09 to 
0.18 mm in length, narrow, bifurcating anterior to opening of genital pore ; intestinal 
ceca,_ irregulp tubes descending to posterior median border of testes, with dilations 
and indentations ; genital pore ventral, somewhat posterior to intestinal bifurcation ■ 
three rows of ventral glands which may be everted and in cleared condition usually 
show a slit in the surface; numbers in lateral rows from 14 to 17 with a mpan of 
15, in middle row 13 to IS with a mean of 14; testes with 8 to 12 lobes alono' lateral 
margin, 0.44 ±.04 (0.3^.56) mm long by 0.24 + .02 (0.17-0.30) mm wide^disS 
of testes from posterior border 0.10 ±.06 (0.06-0.14) ram; cirrus echinate eversible- 
external seminal vesicle present; ovary smaller than testes, 0 23 + 
.02 (0.20-0.30) mm long by 0.26 + .02 (0.21-0.30) mm wide, often lobed in outline- 
vitelaria lateral with about 24 to 34 groups of follicles on each side; position of 
vitellaria (length of body divided by forward extent of follicles) 1.8 to 2.1 with a 
mean of 1.9; from the ootype the uterus continues forward in numerous coils most 
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of which lie intracecal ; uterine loops between vitellaria and cirrus sac on side of 
metraterm 3 to 5 with a mean of 4 ; seminal receptacle absent but lower portions of 
uterus containing numerous spermatozoa ; excretory vesicle receiving 2 branched 
excretory tubules joined anteriorly below the oral sucker. 

Hosts: Gallus dome stica, Anas domestica, Qiierquedtila discors, Mergus mer- 
ganser (experimental), Aegialitis semipalmata. 

Habitat: Cecum. 

Locality: Douglas Lake, Michigan. 

Type specimens: Co-types deposited in the U.S.N.M. Helm. Coll. No. 36839. 

Studies in ventral gland relationships were made on 31 adult speci- 
mens of N. stagnicolae taken from the cecum of a chicken. It was noted 
that the glands usually showed up as indented oval crevices (Fig. 24). 
The most common alignment was 14 glands for the median row and 15 for 
each of the lateral rows. The next most common arrangement was IS 
glands for the median row and 16 for each of the lateral rows. The 
highest total for the 3 rows was 48 of which 14 were found in the median 
row and 17 in each of the lateral rows. The lowest number observed for 
the median row was 13 and for the lateral rows 14. The number of glands 
in the middle rows anterior to the most anterior glands in the lateral rows 
also varied. Usually one but in many cases 2 glands in the median row 
wei*e anterior to the most anterior glands in the other two rows. 

The adults of stagnicolae can be differentiated from most other 
species of the genus Notocotylus by the following combination of charac- 
ters: (1) only 3 to 5 uterine loops extending above the vitellaria ; (2) the 
number of ventral glands in the lateral rows from 14 to 17, in the middle 
row from 14 to 15; (3) extent of vitellaria slightly anterior to midbody; 
(4) the number of lobes of testes along lateral border from 8 to 12; (5) 
measurements of reproductive organs. Because of insufficient descrip- 
tions of the adults of some species it is also necessary to use certain larval 
characters for differentiation. 

In reviewing the literature I find 4 species which are so similar to 
N. stagnicolae that differentiation by the use of the adult characters listed 
above is very difficult. Of these N. intestinalis Tubangui, 1932, may be 
separated from A. stagnicolae by its very narrow ovaries and testes ; N. 
atteniiatiis Rud. because the cercariae have a longer body and a shorter 
tail; N. magniovatns Yamaguti, 1934, because the rediae have posterior 
locomotor appendages; and AL imbricatns (Looss, 1896) by having cer- 
cariae which are smaller in size measurements. 

These comparisons make it evident that no species has been described 
with characters identical in both larval and adult stages with A. stagni- 
colae. How^ever, because of inconsistent bases of differentiation and in- 
complete descriptions it is hard to tell whether all the species described 
in the genus Notocotylus are valid and whether A. stagnicolae is really 
different from all of them. Subsequent life history studies may show that 
several of them are conspecific. Meanwhile, in the absence of better evi- 
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dence, it is considered preferable to keep the present species names in this 
genus and add A . stagnicolae as a new species. 

DISCUSSION 

It is interesting to note that the mother sporocyst of one species re- 
ported here, Q. quinqueserialis, contains four mother rediae and the sporo- 
cyst of the other, N. stagnicolae, contains only one. In the life cycle of 
A. ttrbanensis, described by the author in a preliminary note (Herber, 
1940), mother sporocysts were found that contained both 6 and 8 mother 
rediae. Joyeux (1922) found 2 rediae inside the mother sporocyst in the 
species for which he worked out the life cycle. The rediae seen by Joyeux 
inside the mother sporocysts were probably mother rediae although he 
thought that there was only one generation of rediae in this life cycle. 
Several other workers, Looss (1896), Wesenburg-Lund (1934), and 
'kamaguti (1938), reported that they found 2 generations of rediae. The 

life cycle which Joyeux described is strikingly different from the others 
in this group since the cercariae have rudimentary tails and encyst with- 
out escaping from the snail intermediate host. All other cercariae de- 
scribed from this group have long tails, are active swimmers, and encyst 

on vegetation or on the snail shell after emerging from the intermediate 
host. 

The theory that cysts of notocotylids need a certain time for maturing 
before they become infective was brought out by Harper (1929) The 
experiments reported here seem to indicate that metacercariae are infec- 
tive immediately after encystment. Whether Harper’s species is unusual 

in requiring such an interval cannot be determined without more experi- 
mental work. 

The identification of adults of the subfamily Notocotylinae and espe- 
cially m the pnus Notocotylus presents a great many difficulties because 
there is considerable similarity of structure and few good characters for 
differentiation. The following characters have been emphasized by vari- 
ous workers in separating them: size and shape of body, number and 
arrangement of ventral glands ; size of organs, position and detailed struc- 
ture of organs. Some of these characters are evaluated here in their 
relation to species differentiation. 

Body size has very limited use as it is dependent upon several factors 
such as maturity, host relationship, state of contraction at the time of 
examination, and method of fixation. This character can only be used 
in separating species where variations are quite pronounced. 

Ventral gland relationships are of some value as diagnostic characters, 
bince methods of fixing and mounting specimens may completely obscure 
them the statement that they are absent in the description of a species 
should be viewed critically unless it is certain that proper methods of 
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study were used. Also, for the same reason the number and arrangement 
of these glands are often given incorrectly in species descrijDtions. The 
presence of 5 rows of these glands instead of 3 is of course a good char- 
acter which gave the basis for the separation of the genus Quinqueserialis 
from N otocotyhis. In my studies a considerable variation in number and 
arrangement was found which would have to be taken into consideration 
in comparing closely related species. It w^ould seem, therefore, that the 
ventral gland relationship has a somewhat limited value in distinguishing 
closely related species of the genus Notocotylus. 

The size of eggs has been used as a means of distinguishing species 
regardless of age or method of fixation. In my opinion egg-size is of little 
value as an aid in differentiating species but differences in length of egg 
filaments fixed soon after ovipositing are probably significant. 

The outline of the testes of most species of Notocotylus is smooth along 
the median border but the lobing along the lateral borders can be used as a 
diagnostic character. Testes and ovary measurements can be used as aids 
in diagnosis only in a limited number of species and in series of worms of 
approximately the same age. 

The number of uterine loops anterior to the vitellaria is dependent 
upon the range of the vitelline follicles. In most species the posterior 
limits of the vitellaria are immediately in front of the anterior limits of the 
testes but the forward extent varies because of the difference in the num- 
ber of follicles. Therefore, the number of uterine loops anterior to the 
vitellaria and the position of the vitellaria are good diagnostic characters. 

Larval characters have not been used extensively and have a limited 
value in distinguishing species of Notocotylinae because of the small 
amount of work on life cycles. Body and tail size differences are often 
useful in distinguishing different species of cercariae. It has also been 
found that the relation of the anterior transverse portion of the excretory 
tubules to the median eye-spot is a very good diagnostic character. If the 
cercariae are allowed to encyst normally the diameter of such cysts is con- 
stant enough to use it as a means of distinguishing species. Size differ- 
ences in body, tail, and cyst were utilized by L. and U. Szidat (1933) in 
distinguishing cercariae which when fed to suitable hosts produced differ- 
ent species of adults. Rothschild (1938) confirmed the value of such size 
differences in cercariae and also noted differences in the structure of the 
anterior transverse portion of the excretory tubules. The amount of pig- 
mentation and time of encystment aids only as a sort of preliminary identi- 
fication of cercariae. Rediae in this group usually have no posterior 
locomotor appendages and are much alike in the different species. In 
four species for which mother sporocysts are known they contain differ- 
ent numbers of rediae. 

Certain of the earlier authors considered as separate species adults 
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lound in diiierent hosts. This is obviously unsound as one species may 
develop in a wide variety of animals. For example, N. stagnicolae, a bird 
form, has developed to maturity in mammals. It was suggested by L. and 
U. Szito (1933) that specificity is very marked in the case of the snail 

my life history studies. Although the 
ra at present, it is possible that it mav 


host. This view is confirmed in i 
degree of this specificity is not know 
have real significance. 

SUMMARY 

The life histories of Quinqueserialis quinqueserialis (Barker and 
Laughlin, 1911) and Nolocotylus stagnicolae n. sp. have been completed 
experimentally. 

^ The definitive hosts of Q. quinqueserialis are Ondatra sibethicus, 
Microtus pennsylvanicus, and Zapus hudsonius. When eggs of this para- 
site were placed with the intermediate host, G. parvus, infection occurred 
and mother sporocysts could be recognized 9 days afterwards. Mother 
sporocysts of this species contain 4 mother rediae. About 20 days after 
exposure to infection daughter rediae were found in the digestive gland 
of the snails. About 23 days after infection immature cercariae emerged 
from the daughter rediae and migrated into the digestive gland tissues 
where a short period of maturation occurs. Mature cercariae were found 
26 days after infection. They emerge from the snail and usually encyst 
on vegetation. Meadow mice become infected when fed metacercariae of 
this form. ^ These flukes develop to maturity in about 2 weeks. Descrip- 
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Mother sporocyst found free after crushing snail, 18 days after 
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Daughter redia. 

Cercarial embryo. 

Elongated cercarial embryo. 

Developing cercaria. 

Body and part of tail of mature cercaria. 

Metacercaria, encysted stage. 

Adult, ventral view. 

Egg. 

Outline of adult showing arrangement of ventral glands. 
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Plate II 
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Mother sporocyst showing young mother redia, 16 days after exposure 
nS" showing almost mature mother redia, 16 days after 

Mother sporocyst showing mature mother redia ready to break 
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Mother redia, 57 days after exposure. 

Redia containing cercariae, natural infection. 

Mature cercaria. 

Encysted metacercaria. 

Immature adult, 3 days after feeding. 

Adult, ventral view. 

Egg. 

Outline of adult showing arrangement of ventral glands 
Outline of posterior ends of three adults, showins- Inhai-mn ...... 










ACTIVE IMMUNITY IN MICE AGAINST TRICHINELLA 

SPIRALIS 


James T. Culbertson 

Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 

The acquisition of immunity against TrichineUa spiralis through recov- 
ery from a prior infection with the homologous parasite has been demon- 
strated in the rat (1), the guinea pig (2), the pig (3), and the monkey 
(4). Most investigators are agreed that the acquired immunity is 
directed largely against the intestinal phase of the parasite, although the 
precise mechanism of the immunity is still obscure. Some believe the 
immune response is made chiefly or entirely by the tissues of the intes- 
tinal wall itself, and that the tissues of the remainder of the body have 
comparatively little or nothing to do with the immune process. An 
increased secretion of mucus and increased intestinal peristalsis are pre- 
sented by those supporting this view as the chief factors operative in the 
immunity. These workers generally have failed to demonstrate either 
the passive transfer of immunity with the serum or the development of 
an inflammatory reaction in the intestinal wall of the immune host, and 
much of their contention is based upon these negative observations (5). 
Other investigators, however, consider that a generalized immune re- 
sponse must be made to the parasite before an animal can acquire a sub- 
stantial degree of immunity, although they feel that this response may, 
and probably does, act upon the parasite only in strategically disposed 
sites, of which the intestine is one. 

In the present paper, the results are offered from a study of acquired 
immunity to trichiniasis in the albino mouse. Strangely, the mouse has 
been but little employed in experimental trichiniasis. One of the few 
reports in which this animal has been used is that by the author and Kap- 
lan of some years ago in vchich it was shown that rabbit antiserum rich 
in the specific antibody conferred to mice a partial immunity against 
trichiniasis (6). It is now- showm that mice become actively immune to 
TrichineUa spiralis as a result either of prior infection wdth the parasite 
or of vaccination with its antigens. The results are offered with a view 
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teriological nutrient broth to which 20 per cent of gi 
In this medium, the worms not only survived for seve 
remained in relatively stable suspension for some minu 
mg the administration of approximately identical doses 
mouse of a series being infected. Known numbers of ^ 
a fluid volume of 0.1 cc, were delivered by syringe tl 
22-gauge hypodermic needle lowered carefully into the 
each mouse. Usually the mice swallowed the fluid 
worms, with no trouble. 

The Recovery of Adult Worms from the Intestine. 
seven days after larvae were fed to certain of the mice 1 
killed with ether and autopsied. The small intestine 
physiological salt solution and slit lengthwise with smal 
intestine was then agitated so as to free the living, moi 
the suspending fluid. The whole of this fluid was exam 
the presence of adult worms, small portions being trans 
cuse watch glasses and searched with a binocular dissec 
^ he intestine was agitated in fresh amounts of 

reqmred, search being continued until no further worms 
The Recovery of Larval Worms from Muscle Tissu, 
d5 days after infection, the animals were killed with ethe 
eviscerated. The remaining carcass was then ground 
meat grinder. The ground tissue was weighed and su 
per cent hydrochloric acid (at 37= C) to which 1.0 per 
pepsin was added. Thirty cubic centimeters of this fluid 
gram of mouse tissue. The mixture was placed in an incr 
and agtated constantly until all the meat was digested ( 
our hours). When digestion was complete, samples of 
transferred to Syracuse watch glasses and the number of 
determined by direct count with the aid of a low-power bi, 
scope (x x20). Finally, the number of worms in 1 
volume, and thus in the entire carcass, was establtetiAri k,. 
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nella prevented larval worms fed subsequently from developing to adults. 
Group A (5 mice) had received 100 larvae 22 days before the test feed- 
ing of 175 larvae. Group B (6 mice) had received 100 larvae 60 days 
before and 500 larvae 30 days prior to the test feeding of 250 larvae. 
The animals of Group A, with 7 control mice, were autopsied 5 days, 
and those of Group B with 5 controls 7 days, after the test feeding. 

In the case of none of the previously infected mice were so many 
adult worms recovered as were found in the control mice. From the 5 
previously infected animals of Group A, 1, 3, 4, 23, and 45 worms were 
recovered, representing an average of 8.6 per cent of the larvae fed. 
From Group B, 0, 0, 1, 1, 2, and 17 adults were recovered, representing 
1.4 per cent of the worms fed. From the control mice for Group A, in 
contrast, 65, 82, 83, 101, 102, 108, and 144 (averaging 55.8 per cent) 
and, from those of Group B, 61, 96, 137, 146, and 197 (averaging 50.8 
per cent) of the larvae fed were recovered as adult worms. 

The Presence of Larval Worms in the Muscles . — In order to test 
for the effect of previous infection upon the amount of muscle invasion 
by larval Trichinella, a group of 17 mice were fed four doses each of 250 
larvae, given, respectively, 60, 36, 22, and 10 days before a test dose of 
1000 larvae. Nine control mice were also fed the test dose. All the 
mice which suiwived the test dose, including controls, were killed from 
27 to 35 days after infection, and the number of larval worms in the 
muscles determined. 

The muscles of the control mice harbored individually 110,250, 117,- 
605, 119,475, 129,724, 152,530, 163,213, 174,440, 180,964, and 243,436 
larvae, or on the average, 154,626 larvae. The muscles of the previously 
infected group in contrast, yielded 12,768, 16,966, 25,979, 39,712, 62,216, 
101,500, 161,468 larvae, or, on the average, 60,087 larvae. Thus, the 
controls suffered approximately two and one-half times as much muscle 
invasion as the previously infected animals, in spite of the fact that the 
total number of infective larvae fed the controls was but one-half that 
fed the “immunized’’ mice. Indeed, the number of larvae recovered 
from the immunized group is only little more than the number expected 
as a result of the initial immunizing dose of 250 larvae. (Compare aver- 
age of 60,087 for these immune mice with 55,139 for control mice for the 
vaccinated animals, which were given 250 larvae.) Thus, following the 
initial dose, these mice must have been almost perfectly protected against 
muscle invasion. 

By the third day subsequent to the test dose, many of the previously 
infected mice revealed an exudate coming from the anus. When this 
exudate persisted for several days, death occurred. Altogether, 10 of 
the 17 previously infected mice died, the deaths occurring from the 9th 
to 23rd day after the test infection. Not any of the control mice pre- 
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sented this symptom, and none died during this period. On the other 
hand, the surviving mice of the previously infected group, continued to 
add weight, following an initial decline immediately after the test feeding, 
and appeared to suffer not at all from the infection. The control mice, 
in contrast, lost little or no w’-eight until during the fourth week after the 
test dose. When autopsied, these animals were rapidly losing weight 
and some were moribund. The ultimate survival of any of the control 
mice was unlikely. 

THE ACQUISITION OF IMMUNITY THROUGH VACCINATION 

Earlier workers have endeavored to protect animals against Trich- 
luella spiralis by vaccination with the antigens of the homologous para- 
site. Rats can generally be protected by such vaccination (7), although 
efforts thus to protect hogs have failed (3). The effect of parenteral 
vaccination upon the resistance of mice was tested in an effort to deter- 
mine whether immunity could be developed in this animal in the absence 


Table 1. — Summary of data. Average number of adult or larval Trichinella spiralis 
recovered from immunised and from control mice 


No. of 
mice 
used 

Method of 
immunization 

No. of 
larvae fed 
as test 
dose 

Days till 
autopsy 
after test 
dose 

Average 
No. of 1 
adults 
recovered 
from in- 
testine 

Average 
No. or 
larvae re- 
covered 
from 
muscles 

5 

Prior infection (a) 

! 175 I 

1 ■ 5 

15.2 


6 

“ “ (b) 

■ 250 i 

7 

3.5 

_ 

7 

Control 

; 175 

5 

95.0 

— 

5 


i 250 1 

7 

127.4 

— 

7 

Prior infection (c) 

1000 1 

27-35 

0.0 

60,087 

^ ! 

Control 

“ 1 


0.0 

154,626 

11 

Vaccination (d) 

250 

4 

71.5 i 


10 1 

Control 

“ 1 

“ 

132.0 

_ 

9 

Vaccination (d) 

250 1 

29 

0.0 1 

20,248 

7 1 

Control 

1 


0.0 

55,139 


(a) 100 larvae feed 22 days before test infection. 

(b) 100 larvae fed 60 days, and 500 larvae fed 30 days before test infection. 

(c) 250 larvae fed 60, 36, 22, and 10 days before test infection. 

(d) Eight injections, given on alternate days, of one- tenth cc of 1 per cent suspension 

of Trichinella spiralis powder in carbolized salt solution per 10 gm body 
v’-eight. 

of previous intestinal infection with this parasite. The effect both on 
the development of adult worms in the intestine of previously vaccinated 
mice and upon the larval invasion of their musculature was determined. 

The mice were vaccinated according to the following procedure : one- 
tenth cc of 1 per cent suspension of Trichinella spiralis powder in car- 
bolized salt solution was administered per 10 gm mouse body weight. 
Eight injections were given on alternate days. 

The Development of Adult Worms in the Intestine. — Five days after 
the last injection of vaccine, eleven mice, along with ten control animals, 
were fed 250 laiwae. Four days later, all the animals were autopsied, 
and their small intestines searched for adult Trichinella. 
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The vaccinated mice yielded only about half as many worms as did 
the normal mice. From the vaccinated mice, 29, 30, 34, 35, 43, 50, 85, 
88, 90, 125, and 178 adults were recovered. From the controls, 55, 103, 
105, 113, 116, 120, 123, 166, 188, and 231 adults were recovered. Ex- 
pressed as percentages of the larvae fed, the average yields by the vac- 
cinated and control groups were, respectively, 28.4 per cent and 52.8 per 
cent. Two of the eleven vaccinated animals had, evidently, failed to 
respond to vaccination, but all of the nine remaining mice acquired a 
significant degree of immunity. 

The Presence oj Larval Worms in the Muscles, — To determine the 
relative amount of muscle invasion with larval Trichinella in vaccinated 
and control mice, 9 vaccinated and 7 normal animals were fed 250 larvae 
on the fifth day after the last administration of vaccine. After from 28 
to 29 days, all the mice were autopsied and their muscles digested, as 
described earlier. 

The nine vaccinated mice yielded 4,290, 6,396, 11,040, 11,647, 14,840, 
17,189, 26,880, 44,800, and 45,156 larvae — ^an average of 20,248 larval 
worms. The control animals, in contrast, yielded 23,545, 49,800, 56,832, 
57,426, 57,456, 59,640, and 81,280 larvae — ^an average of 55,139 larvae. 
Most of the vaccinated mice were rather highly immunized, apparently, 
as a result of vaccination, although two animals yielded almost as many 
larval worms as the control mice. 


DISCUSSION 

From the data ofifered in this paper, it is clear that immunity is 
engendered by mice against Tnc/im^//a spiralis both after prior infection 
with this parasite and after vaccination with its antigens. It is particu- 
larly noteworthy that, after immunization by either method, the immu- 
nity is effective against the intestinal phase of the parasite. The same 
finding has been reported previously after passively immunizing mice 
against this parasite (6). As may be expected, however, a higher level 
of immunity is developed by infection with Trichinella than by vaccina- 
tion or by passive immunization. However, this quantitative difference 
by no means implies that the immune response after infection is qualita- 
tively distinct from that after the two less effective procedures. 

One matter of considerable interest in the results offered is the death, 
a few days after the test dose, of some of the mice immunized by prior 
infection. These animals suffered acutely from the test dose beginning 
about three days after its administration. The control animals at this 
time were not noticeably affected. Evidently the immune animals mani- 
fested a hypersensitive response to the Trichinella substance. The pres- 
ence of an exudate in the intestine of the immune mice during these days 
supports this view, suggesting that an inflammatory response had been 
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initiated. Unfortunately, however, the response to the infection became 
so violent that many of the mice succumbed. Similarly, acute early 
symptoms, suggestive of hypersensitivity to the Trichinella substance, 
have also been observed in cases of human trichiniasis which have suf- 
fered reinfection (8). The capacity of highly immune animals to make 
such dangerous or even fatal hypersensitive responses is, of course, well 
known in tuberculosis and many other infectious diseases. 


SUMMARY 

^ Mice become partially immune to Trichinella spiralis as a result of 
prior infections with the specific parasite. They likewise manifest an 
immune response to this form after repeated vaccination with the antigens 
of the homologous worm. The immunity against Trichinella is directed 
particularly against the intestinal phase of the parasite, no matter whether 
the immune response is engendered by prior infection or by vaccination. 
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PASSIVE TRANSFER OF IMMUNITY TO TRICHINELLA 
SPIRALIS IN THE RAT 

James T. Culbertson 

Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 

Rats have been shown to acquire immunity against Trichinella spiralis 
after a preliminary infection with this parasite (1) or after vaccination 
with its antigens (2). The attempts thus far to demonstrate passive im- 
munity in the rat, however, have failed, although antibody has been de- 
tected in the serum of immune rats (3), and larval worms immersed in 
such serum generally lost their infectivity (4). It has also been shown 
that immune mother rats transfer immunity to their young (5), although 
the precise route of transfer and the significance of the serum antibody in 
such transfer is not as yet established. 

The present paper offers results from a study designed to test for 
passive transfer of immunity to Trichinella spiralis in the rat, using the 
serum of immune rats. The tests have been performed in the 10-day-old 
nurslings of normal mother rats. 


GENERAL METHODS 

Methods of infection of animals, recovery of adult Trichinella from 
the intestine, and recovery of larvae from muscle were the same as used in 
previous work with mice (6). For the preparation of immune serum, 
four adult normal rats were fed 2000 isolated larvae of Trichinella spiralis. 
After one month, these animals were bled and their serums pooled for use 
in the present work. Several normal animals were bled to provide the 
normal serum with which some of the control rats were injected. Five- 
tenths cubic centimeter of these serums were administered intraperito- 
neally on the two days prior to and on the day following infection. The 
dose given represented 3 cc per 100 gm weight of the recipient. 

RECOVERY OF ADULT Trichinella from the intestines of passively 
IMMUNIZED RATS AND FROM CONTROL RATS 

The first experiment was designed to determine whether the adminis- 
tration of an immune serum to an animal affected the development of the 
larval worms fed to this animal. Twenty-one 10-day-old rats nursing 
normal mothers were used in this study. Eight were injected with 
immune serum, and 7 with normal serum according to the schedule previ- 
ously described. These rats, together with the six remaining animals 
which were given no serum, were then each infected with 250 larvae. 

Received for publication, July 4, 1941. 
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Four clays after infection, all the animals were killed with ether and their 
small and large intestines searched for adult Trickinella. 

The rats which were injected with immune serum yielded distinctly 
fewer adult Trichinella than did those given normal rat serum, or those 
kept as untreated controls. Those given immune serum yielded 3, 5, 7, 
8, 9, 16, 16, and 26 adult worms. Those given normal serum yielded 
17, 40, 65, 66, 71, 79, and 83 adults. Those given no serum yielded 38, 
44, 52, 73, 78, and 86 adult worms. On the average, only 4.5 per cent of 
the larvae fed were recovered as adults from the passively immunized 
group, whereas 24.0 per cent and 24.7 per cent were recovered, respec- 
tively, from the group given normal serum and from the untreated group. 

RECOVERY OF LARVAL Trichinella from the muscles of passively 

IMMUNIZED RATS AND FROM CONTROL RATS 

The second experiment was designed to determine the number of larval 
Trichinella spiralis in the muscles of immunized rats compared with con- 
trol animals. Fourteen 10-day-old rats nursing two normal mothers were 
used for this work. Seven of these were given immune rat serum, and 
four were given normal serum intraperitoneally according to the previ- 
ously described schedule. The three remaining rats were given no serum. 
Each of the animals was fed 250 isolated larvae. Four weeks after infec- 
tion the rats were killed with ether, skinned, and eviscerated. The remain- 
ing carcass was digested and the total larval yield determined. 

Fewer larvae were obtained from the muscles of passively immunized 
rats than from the control animals. From those given immune serum, 
3,125, 6,234, 6,318, 13,248, 14,458, 18,414, and 22,830 larvae were recov- 
ered. From those given normal rat serum 36,630, 46,189, 49,369, and 
58,266 larvae were obtained. From those given no serum 26,964, 51,129, 
and 91,600 larvae were found. On the average, 12,089 larvae were recov- 
ered from the muscles of the animals given immune rat serum, whereas 
from those given normal serum and from the untreated controls the aver- 
age yields were, respectively, 47,613, and 56,564. 


Table 1. — Summary of data. Average recovery of adult Trichinella front intestine 
and larvae from muscles of passively immunised mice and from controls 


No, of rats 
in group 

Rat serum 
given 

Days till 
autopsy after 
test dose 

Average No. of 1 
adults recovered i 
from intestine 

Average No. of 
larvae recovered 
from muscle 

,8': 

Immune 

■ 4 

11.2 


7 ■ , 

Normal 

. 4.'; 

1 60.0 


6 

None 

4 

■' ' ■ .. .61.7' . ' 

- 

: 7 ■ 

Immune 

28 

■■ , 0'' 

12,089 

4 

Normal 

28 

■0. ■ 

47,613 

3 

None 

28 

0 

56,564 


Test dose of larvae : 250 isolated larvae. 

Administration of serum : 0.5 ce intraperitoneally for two days before, and one day 
following infection. 

All rats 10 days old at start of experiment. 
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DISCUSSION 


The results presented indicate that the immunity actively acquired by 
rats against Trichinella spiralis can be passively transferred to normal rats 
by transfer of the serum. The passively immunized animal evidently 
checks the infection in the same manner as does the actively immunized 
rat — namely, by limiting the development of adult worms in the intestine. 
This developing stage of the parasite is evidently the one most vulnerable 
to the immune effect. The limitation upon development is less nearly 
perfect in passively immunized animals than in animals immunized by 
previous infection, as would be expected. The comparatively small 
amount of serum transferred (3 cc per 100 gm by body weight on three 
days) — especially following the dilution which this experiences in the 
body of the recipient — could hardly equal in its effect upon Trichinella 
that of the total blood of an animal actively immunized by prior infection. 
Nevertheless, there is no reason to suspect that this difference in effect 
has a qualitative basis. 

In the present experiments, the demonstrated immunity is undoubtedly 
conferred by some substance in the transferred serum. This humoral 
substance- — which is perhaps antibody — ^would certainly be as effective in 
the animal which developed it as it is after transfer to a normal animal. 
Therefore, the same humoral immune mechanism operative after passive 
transfer must act likewise in actively immunized animals and be at least 
in part responsible for their acquired immunity. In both actively and 
passively immunized animals, there is ample opportunity for the humoral 
substance to come in contact with the developing parasite, since the larval 
Trichinella characteristically bores between the villi and into the intestinal 
glands to feed on the intestinal mucosa (7). 

It is felt by some that the immune response in trichiniasis is made so 
promptly that the usual (humoral antibody) defense mechanism could 
hardly be responsible. It is pointed out that actively immunized rats 
expel Trichinella larvae in from 3 to 18 hours after these are ingested (8). 
Yet, it should be remembered that an Arthus reaction becomes evident in 
the skin of a well sensitized rabbit within two or three hours after a spe- 
cific antigen is injected, even if the animal be passively sensitized (9). 
Furthermore, fatal anaphylactic shock may occur within a few minutes 
after the homologous antigen is injected into a well-sensitized guinea pig, 
again, no matter whether the animal be actively or passively sensitized. 
Finally, allergic reactions in the skin as well as other tissues (e.g., intes- 
tine) of man are typically immediate responses, reaching their peak within 
a few’ minutes after the tissue has had contact with the specific antigen. 
Thus the rapidity of the immune response in trichiniasis is not without 
precedent in immunology, and the conventional mechanisms, cannot, there- 
fore, be excluded as the basis of immunity in this infection. ' 
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AGE RESISTANCE OF THE ALBINO RAT TO CYSTICERCUS 

FASCIOLARIS 


Sylvia H, Greenfield* 

Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York 

Although age resistance has been demonstrated in nian}^ protozoan 
infections as well as in infections with a number of nematodes, this phe- 
nomenon has been observed with only very few cestode parasites. It has 
been described for Hymenolepis nana in man (1), as well as for its rodent 
variant, Hymenolepis fraterna, in rats and mice (2). The chicken is 
known to manifest age resistance to Raillietina cesticillus (3), as is also 
the herring gull to a species of Diphyllobothrium (4). The development 
of natural resistance with age has likewise been suggested for the rat 
against Cysticercus fasciolaris (5), the larval stage of the cat tapeworm 
Taenia taeniaejormis. 

The possibility of the manifestation of age resistance by rats to Cysti- 
cerciis fasciolaris has been reinvestigated by the author, and the results 
of this study are offered in the present paper. It has been found that 
older rats rarely develop significant infections with this parasite, whereas 
younger animals — ^if past the w^eaning age — suffer heavy infections. 
However, nursling young, even if born of normal mother rats, are like 
old rats comparatively or wdiolly refractory to this parasite. 


GENERAL METHODS 

The injection and examination of rats.—Ra.ts (Sherman strain) of 
known age were infected by mouth with 500 onchospheres of Taenia 
taeniaejormis obtained by opening a gravid segment of the parasite col- 
lected freshly from a laboratory cat. The onchospheres, suspended in 
0.1 cc of physiological salt solution, were delivered by syringe through a 
blunted 22-gauge hypodermic needle lowered carefully into the retro- 
pharynx of each animal. The rats were autopsied 28 days after infec- 
tion, and the number of living and of dead cysticerci counted on the sur- 
face of their livers. 

PROCEDURE AND RESULTS 

Altogether 144 rats of age groups ranging from newly born to 11 
months old animals were used in this experiment. Approximately equal 
numbers of animals of each sex were included in the different groups. 

Received for publication, July 4, 1941. 

* The author wishes to express her appreciation to Dr. James T. Culbertson, of 
the Department of Bacteriology, College of Physicians and Surgeons, under whose 
direction these experiments were performed, for his many helpful suggestions and 
kind cooperation. 
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isolated liver lobes of a single representative of the different age groups 
are shown in Fig. 1. ^ 

The rats 25 days old when infected were most susceptible to this para- 
site. Many cysts developed in these animals and essentially all were 
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living when the host was autopsied. In rats of older groups, progres- 
sively fewer cysts developed, and, of these, only part were alive when 
the host was autopsied. No living cysts whatsoever were recovered 
from rats six months old or more when infected. 


7 


New bom 
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4S DAYS OW 


60 DAYS OID 


4 MOS OiO 


Fig. 1. Photographs of liver lobes of representative rats of the designated age 
groups autopsied four weeks after being fed 500 onchospheres of T aenia taeniaeformis, 
showing the number of Cysficercus fasciolaris. 

Among the rats of groups less than 25 days old when infected, pro- 
gressively fewer cysts were observed as the age group of the host de- 
creased. Rats infected on the day of birth revealed at autopsy 4 w^'ceks 
later no cysts whatsoever. A few dead cysts but no living ones were 
found when rats seven days old at infection were autopsied. A number 
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of living cysts and many dead ones were found in the rats infected at 15 
days of age. The mothers of these animals were also autopsied and 
found to be uninfected. 

DISCUSSION 

The results given indicate that rats 25 days old are most susceptible 
to infection with Cysticerciis fasciolaris. This high susceptibility is pre- 
served largely until the animals reach two months of age. Thereafter, 
however, the natural resistance of rats increases markedly and those four 
months old or more usually prevent wholly the maturation of cysticerci, 
even though the parasite establishes itself initially in the livers of these 
animals. Curtis, Dunning, and Bullock (5) observed that the percen- 
tage of animals which was successfully infected varied significantly with 
the age at which the onchospheres were administered. From experi- 
ments carried out on large numbers of animals, using standard suspen- 
sions of Taenia eggs, they found that 76% of rats one month old were 
susceptible to infection, while only 19% of those four months of age 
showed cysts. However, under certain circumstances, mature cysts may 
develop in older animals. Miller (6) has reported, in a small group of 
albino rats 170-172 days of age when infected, an average of 22 living 
and 19 dead cysts. A heavy suspension of 900 onchospheres was fed 
in this case because a large number of the eggs were immature. Although 
mature cysts were present in these animals over five months of age, there 
is no means of evaluating the significance of such results in view of the 
fact that data upon animals of other age groups infected with a similar 
suspension is not available. 

The remarkable resistance of the nursling rats is, as yet, not ex- 
plained. The possibility certainly exists that an inhibitory substance 
possessed by their normal mothers has been transferred to the young 
either through the placenta or through the milk. Since precautions were 
taken to exclude the possibility of accidental infections of the mothers, we 
believe that these substances are not the specific immune bodies which 
Miller (7-8) has shown to be transmitted from immune mothers to 
young. On the other hand, the intestine of the very young rats may 
lack the enzymes required to free the embryos by digesting the hard and 
thick envelope of the administered onchospheres. The fact that some 
development goes on in the older nurslings, even though the cysts gen- 
erally die or attain only small size, seems to favor the view that the 
mother rat does transfer an inhibiting substance of perhaps a non-specific 
character to the young. Such transfer is by no means proved, however 
by the data thus far obtained. 

SUMMARY 

An age resistance is described for the rat against Cysticerciis fascio- 
laris. Rats from 25 to 60 days old are more susceptible to this parasite 
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than are younger or older rats. Newly born rats can seldom 1 
at all, and older nurslings yield chiefly dead cysts. Rats infe- 
four months old or more likewise seldom yield mature cysts, 
dead cysts are usually observed in these animals. 
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STUDIES ON SOME GORDIACEA OF NORTH AND SOUTH 

AMERICA* 


Jose Candido M. Carvalho 

Few studies on American Gordiacea have been made since the works 
of Montgomery (1898-1907) and May (1919). The present paper 
deals with some North and South American species studied in the light 
of recent revisions of the group especially by Heinze (1934-1937). 


HISTORICAL 

Linnaeus (1766) erected the genus Gordius for certain species now 
included in the class Gordiacea and the nematode families Filariidae 
and Mermithidae. Gmelin (1788) divided the genus 
Gordius and Filana. Du jar din (1842) named the genus Mermis 
considered it belonged among the nematodes. Creplin (1847) separated 
the genus Chordodes from Gordius. Villot in his monograph ( 1874) re- 
ferred all 34 of the then knowm species of Gordiacea to G or dins j but 
Chordodes was accepted and clearly defined by Janda (1893). Canierano 
(1897) added the genera Paragordius and Parachordodes. Canierano’ s 
(1915) revision listed 113 species wdiich he considered valid. Most of 
the taxonomic studies of Gordiacea in America have been made by 
Montgomery (1898-1907). May (1919) described the families Gordi- 
IDAE and Chordodidae and studied the life cycles of Gordius robust us 
Leidy and Paragordius varius (Leidy). G. W. Muller (1927) split the 
genus Parachordodes into Parachordodes and Gordionus. Heinze 
(1933-1937) erected the genera Beatogordius (1934), Paragordionus 
(1935), Chordodioliis (1935) and Euchordodes (1937), and four sub- 
families (1935) of Chordodidae. Heinze (1937) also developed new 
techniques in preparing specimens (especially the cuticula) for study. 
Dorier (1930) showed that larvae of Gordiacea may encyst on vegeta- 
tion and infect their host by mouth. 

Many species of Gordiacea have been named without sufficient de- 
scription to distinguish them. Identification must be based on details 
of the extremities and especially on the minute structure of the cuticula : 
its areolae, pore canals, furrows, tubercles, bristles. 

Received for publication, July 23, 1941. 

Studies from the Zoological Laboratories, the University of Nebraska, No. 209. 

These studies were made under the direction of Dr. H. W. Manter whom the 
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the University of Nebraska. 
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METHODS AND MATERIALS 

Adult Gordiacea are collected from fresh-water habitats. Immature 
to adult specimens can be secured by dissection of the insect hosts (usu- 
ally grasshoppers, crickets, or cockroaches). Individuals in a knot of 
more than 50 specimens of Gordiacea, probably Paragordius varius 
(Leidy) found free-living in Kansas were still immature, demonstrating 
(as claimed by Camerano and Villot) that free-living forms are not 
necessarily mature. 

For study of the extremities, a worm should be cut somewhat ante- 
rior to the cloacal aperture and posterior to the dark ring. For the 
Study of the cuticula, cut small pieces from the middle third of the body. 
It is also desirable to secure an entire circumferential piece which, after 
some time in lacto-phenol solution, can be released from the underlying 
musculature. The cuticular structure often shows differentiation near 
the median lines. The technique of Muller (1927) and Heinze (1937) 
was used in making preparations of the cuticula. Study should be made 
of pieces in alcohol-diluted glycerin ; lactophenol solution ; water ; Canada 
balsam and allowed to dry superficially. When possible histological sec- 
tions of the cuticula are made since the surface examination alone is 
sometimes not enough, especially in the subfamily Chordodinae where 
minute details of areolae are important in specific diagnosis. 

At least a combination of the cuticula and the posterior extremity 
must be used for specific characters. The shape of the posterior end 
alone is a weak character subject to many variations as verified by the 
author in females of P. varius and also in the postanal crescent of G. 
robustus. Drawings of the cuticula are almost necessary with descrip- 
tions. The author found that properly prepared pieces of cuticula lend 
themselves well to photomicrographs. Some indication was noted that 
polarized light might reveal added differentiation in the cuticula of some 
species, 

TWO NEW RECORDS FROM MAN 

Among the specimens studied was one adult female of Paragordius 
vari^is recovered, several years ago, from a child patient by Dr. G. R. 
Undenvood of Lincoln, Nebraska. The specimen was passed in the 
feces in a living condition. 

The second case is represented by an adult female of a Paragordius 
species (described below) given to the author by Dr. Ruy Gomes de 
Morais, Professor of Parasitology, National Medical School, Rio de 
Janeiro, Brazil. It was expelled alive from the urethra with severe pains 
suffered by the child host. The girl patient had frequently complained 
of pains in the inguinal region. The antecedents of this strange infec- 
tion are not known, and it is the first, so far as the author can determine, 
reported from the urinary passages. 
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I TAXONOMY 

Today, the class Gordiacea (= Nematomorpha) is subdivided as 
follows: 

I Order Nectonematoidea Rauther, 1930 (all marine) 

P Order Gordioidea Rauther, 1930 

I Family Chordodidae May, ,1919 

p Subfamily Chordodinae Heinze, 1935 

I Genus Chordodes Creplin, 1847 

I Eti chordodes Heinze, 1937 

I Subfamily Chordodiolinae Heinze, 1935 

I Genus Chordodwhts Heinze, 1935 

f Subfamily Paragordiinae Heinze, 1935 

I Genus Paragordius Camerano, 1897 

I Subfamily Parachordodinae Heinze, 1935 

5 Genus Parachordodes Camerano, 1897 

^ “ Gordionus Muller, 1927 

? Beatogordius Heinze, 1934 

Paragordioniis Heinze, 1935 
Family Gordiidae May, 1919 
Genus Gordins Linnaeus, 1766 

i Muller (1927) and Heinze (1934, 1935, 1937) have split the genus 

,i Parachordodes into a number of genera largely on the basis of the cuticula 

structure. The author believes that the genus Chordodes can well be 
; . divided into three genera based on the criteria used by Muller and Heinze 

for the genus Parachordodes. The following revision is proposed: 




I' 



Genus Chordodes (Creplin, 1847) emend. 

Posterior extremity of male not bilobed, with only comparatively shallow groove 
on ventral surface extending from cloaca to distal end. Posterior end of female usu- 
ally swollen, entire, with terminal cloacal aperture. Cuticula usually with two or 
more types of papillar areolae, very prominent, variably grouped, the highest ones 
often bearing crown or tuft of transparent, long and slender filaments. Above 
areolae, or among them, scattered tubercles, hyalin processes and other structures 
are present. In most species, at least in female, there is median ventral furrow in 
which papillar areolae are more numerous and very conspicuous. 

The genus comprises usually large species with geographical distribution con- 
fined to tropical or equatorial regions. 

Type species: Chordodes pilostis yLohhxs, 1855. 

Genus Neochordodes n. g. 

(Chordodes (Creplin, 1847) pro parte) 

(Fig. 11) 

Tropical Chordodinae of unusually large size; anterior extremity slender, 
cylindrical ; head attenuated or not, with obtusely truncated or rounded tip. Body 
cylindrical; posterior end narrower than immediately preceding portion, slightly 
flattened dorso-ventrally, rounded in female. In most species male provided with 
shallow median, ventral cloacal groove. Cuticula with single type of areolae, usually 
ovoid or rounded-polygonal in outline, very low in comparison with those of Chor- 
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dodes. Interareolar furrows with or without hyalin processes, bristles, or other 
structures. 

Type species: Neochordodes talcnsis (Camerano, 1897) n. comb. 

Other species: N. annadalei (Camerano, 1908) n. comb.; iV. mohikkanus 
(Romer, 1896) n. comb.; N. zveberi (Villot, 1891) n. comb.; N. moraisi n. sp. 
(described below). 

This genus seems well characterized by the shape of the posterior 
end of the male and by the single type of areolae. It might be mistaken 
for Gordionus which also has a single type of areolae, but it differs by 
the unforked posterior end of the male as well as by the lack of inter- 
areolar pore canals or rows of bristles or tubercles which are present in 
Gordionus. Neochordodes has only a few, scattered hyalin processes and 
sparse hairs or bristles. Differences from other genera are well marked. 

Genus Pseudochordodes n. g. 

(Chordodes (Creplin, 1847) pro parte) 

Tropical Chordodinae of medium size. Usual shape is like genus Chordodes; 
anterior end pointed ; posterior, median, ventral groove of male very weak, posterior 
to cloacal aperture which is usually no more than 0.5 mm from distal end. Cuticula 
with two types of very characteristic areolae : ( 1 ) usually polygonal areolae, mostly 
5- or 6-sided, higher and darker than second type, in pairs or groups of three, rarely 
four, sometimes isolated. Most areolae bear pore canal wdth sessile bristle in narrow 
furrow which separates them ; (2) low areolae, light in color, variable in shape and 
occupying greater part of cuticula. Interareolar furrows free of tubercles, bristles 
or other structures. 

Type species: Pseudochordodes pardaUs (Camerano, 1893) n. comb. (Fig. 12). 

Other species: P. bedriagae (Camerano, 1896) n. comb.; P. dugesi (Camerano, 
1898) n. comb.; P. manteri n. sp. (described below), and (with some question) P. 
gestri (Camerano, 1904) n. comb. 

This genus differs from Chordodes by the presence of pore canals 
between the large areolae; from Paragordionus (which has the same type 
of areolae) by the unforked posterior end of the male and by the absence 
of interareolar structures; from Eiichordodes by the absence of stout 
interareolar bristles. From other genera differences are well marked. 

The author is satisfied that the following synonyms are justified. 
Paragordius flavescens Linstow, 1906 and P, diversolohatus Heinze, 
1935 (Fig. 10) are synonyms of P. varius. Variation of the posterior 
end of the female of this species is common and unless a combination of 
this character is made with the cuticular structure no specific diagnosis 
could be surely established. The drawings of the cuticula presented by 
Heinze and von Linstow correspond exactly with all specimens of P. 
varius studied by the author. The bright halo mentioned and figured by 
von Linstow is merely a question of microscope adjustment (focus). 
Montgomery’s drawings were evidently made under small magnification 
which probably led the German authors to regard their specimens as dif- 
ferent species. The species described by Camerano as Gordius danielis 
in 1894 is considered by the author to be synonym of Gordius paranensis 
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Camerano, 1892. Gordius guateimlensis v. L,ms,to\v, l902, Gordius 
willeyi Gamerano, 1899 and Gordius calijornicits Camerano, 1915 should 
be considered as synonyms of Gordius robustus Leidy, 1850 since the 
slight variations of the shape of the lobes and crescent do not seem to be 
enough to separate them as different species. In the opinion of the 
author, Gordius villoti Rosa, 1882 is not a tenable species and most speci- 
mens referred to it in Europe are G. setiger Schneider, 1866 while the 
American specimens are probably G. robustus Leidy, 1850. The rede- 
scription of the latter species given by May (1919) agrees with speci- 
mens studied by the author. 


P seudochordodes manteri n. sp. 

(Text-Fig. 1) 

Dimensions: Length female, 160 mm ; diameter near anterior end 0.354 mm ; at 
midbody 0.9 mm, before swelling of posterior end 0.446 mm. 

Form: Posterior end slightly pointed; sides of head almost parallel; mouth ter- 
minal. Dark ring, dorsal and ventral lines not visible. Posterior end with swelling 
near distal end, decreasing abruptly to more or less pointed posterior end. Cloaca 
terminal. 

Color: Specimen (in alcohol) is dark; examined under light it has brownish 
color uniform over entire body. 

Cuticula: With two types of areolae: (1) Large paired areolae, sometimes 3 or 
4 together, scattered among second type and usually darker in color ; rounded-elon- 


Text-Fig. 1. Photomicrograph of the cuticula of P seudochordodes manteri in 
lactophenol solution showing two types of areolae, interareolar furrows, pore canals 
and scattered paired tubercles (light spots) above some of the small areolae. The 
areolae are extended transversely. The dark fibrous shadows at right and upper left 
are remnants of body musculature (circa x 450). 
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gated or coarsely polygonal with rounded corners. These areolae higher than other 
type and larger diameter transverse to long axis of body. As characteristic for 
genus, they include pore canal between them in line that separates a pair or in center 
of 3 or 4 areolae. (2) Small, polygonal areolae usually four-cornered, sometimes 
triangular or pentagonal, extending crosswise to long axis of body and occupying 
most of cuticula, separated by narrow furrows showing no special structures. This 
type of areola is only type occurring in regions of dorsal and ventral lines where 
areolae are strongly polygonal, very irregular in size and form, extended longitudi- 
nally, and where interareolar furrows are not so visible as on sides of body. In 
region of ventral line, areolae form band about 0.15 mm wide. Characteristic for 
this species is presence of scattered paired tubercles above some of small areolae. 
Areolae in general easily seen in lactophenol and in Canada balsam. External 
structure and paired tubercles are better visible in dried pieces of cuticula. 

Locality: War Bonnet Canon, Nebraska, U. S. A. Specimen collected in fresh- 
water. 

Type: One female, deposited in the U. S. Nat. Mus., No. 36810. 

This species seems to be similai* to Pseudochordodes pardalis (Came- 
rano, 1893) from Madagascar. It differs as follows : 

P. manteri (Fig. 3) 

1. Large areolae wdthout tuber- 1. 

cles. 2. 

2. Small areolae bear one tubercle 
which often approximates an- 3. 
other to appear paired. 

3. Dorsal and ventral lines with 
small areolae only. 

In addition, in P. manteri the small areolae and their furrows run 
transvensely to the long axis of the body (Text-Fig. 2) ; the color is uni- 
form, without spots; the shapes of the extremities are different. From 
P. bedriagae {CBmtrznOy 1896) and F. dugesi (Camerano, 1898) differ- 
ences are marked. The species is named in honor of Dr. H. W. Manter 
of the University of Nebraska. 

Paragordms esavianus n. sp. 

(Figs. 1-3) 

Dimensions: Length female 211 mm, largest diameter 1 mm, diameter at dark 
ring about 0.39 mm, at level of trifurcation of lobes 0.55 mm. 

Form: About 7 mm from posterior end (just posterior to atrium) abrupt nar- 
rowing of body from 0.693 to 0.492 mm. Anterior end pointed; dark ring distinctly 
visible so far anterior that with naked eye it seems at anterior end. With magnifica- 
tion, tip of head yellowish. Dorsal and ventral lines faintly visible. In region of 
dorsal and ventral lines and on sides of body are longitudinal, somewhat indistinct 
cuticular ridges visible in pieces of cuticula after releasing musculature. Posterior 
end (of female) trilobed, each lobe about 1.555 mm long; dorsal lobe slender, diam- 
eter at base 0.215 mm, in the middle 0.169 mm, near the tip 0.200 mm. This dorsal 
lobe has characteristic shape, narrower in middle, constriction near base. Lateral 
lobes 2 or 3 times wider than dorsal, diameter at base 0.539 mm, in middle 0.400 mm, 
near tip 0.231 mm, somewhat pointed and bearing internally pronounced excavation. 
They are very little divergent, practically in contact ventrally throughout entire 
length. On median and outer surfaces of lobes, in addition to spine-like cones of 


P. pardalis (Fig. 12) 

Large areolae with tubercles. 
Small areolae very sinuouSj 
without tubercles. 

Dorsal and ventral lines with 
both types of areolae. 
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cuticula, there are long", filiform hairs visible especially at the margins of the exca- 
; ■ vation. ■ , : 

Co/or; Brownish yellow with very marked dark ring. Extremities do not differ 
t from body in color. / 

I Cuticuld (Fig. 3) : Entire surface of body evenly covered by numerous spine- 
like conical tubercles especially well seen in dried pieces of skin or in pieces in water 
under coverglass. In other liquids not well seen. When pieces of skin are super- 
ficially dried after being in diluted glycerin or lactophenol, cuticula shows formation 
of false areolae due to accumulation of liquid at bases of tubercles so that regular 
pseudo-areolar temporary formations are seen. In histological sections tubercles 
appear pointed with slightly rounded apex. They are straight and do not bear any I 

refractive structure or hairs. Pore-canals and inter-tubercular bristles are appar- I 

I ently absent. 

‘ Tocu/ify.* Cachoeira do Itapemirin, Estado do Espirito Santo, Brazil. 

I Host: This specimen, collected by Dr. Ruy Gomes de Morais, School of Medi- 

f cine, Rio de Janeiro, Brazil, was expelled by girl through urethra, and seems to be - 

I first record of pseudo-parasitism by Gordiacea of human urinary tract. 

Type: One female, in collection of National Museum, Rio de Janeiro, Brazil. 


I 

'I 

f " 
'I 

ii' 

'I 

I; 


I 


I 


This species differs markedly from others in the genus by the shape 
of the posterior end of the female and by the spine-like conical tubercles 
covering the cuticula. Very characteristic is the abrupt narrowing of the 
body in the region of the atrium not far from the posterior end. The 
species is named for E.S.A.V. (Escola Superior de Agricultura e Veteri- 
narian Vii^osa, Minas Gerais, Brazil). 

Neochordodes momisi n. sp. 

(Text-Fig. 2) 

Dimensions: Length female 207 mm; diameter anteriorly 0.246 mm, in middle 
of body 2 mm, at narrow portion of posterior end of body 0.280 mm, short distance 
anterior to narrow portion of posterior end, 1.078 mm. 

Form: Anterior end strongly attenuated, tip of head rounded. Body increases 
in thickness gradually toward , middle and decreases again toward posterior end. 
Posterior end club-shaped. Cloacal aperture terminal and situated in middle of 
truncated distal end surrounded by yellowish area. Tip of head free of areolae but 
with small granulations. Dorsal and ventral lines and dark ring apparently absent. 

Color: Yellowish brown, body covered throughout by very irregular brown 
spots which, joining here and there, give rise to larger spots. Anterior end slightly 
lighter and posterior end yellowish white around cloacal aperture. 

Cuticula (Text-Fig. 2) : With one type of areolae usually rounded or ovoid, often 
with indentation on one side, with two, rarely three or more conical elevations more 
refractive. These usually paired above areolae. They may be found widely sepa- 
rated on areolar surface and sometimes near margins of two paired areolae giving 
false idea of pore-canals. Indentations of areolae usually well marked and reaching 
base of elevations* Greater diameter of areolae is transverse to long axis of body. 
Usually, areolae are isolated or in pairs but sometimes three or four together. Inter- 
areolar spaces wide, showing several furrows with some superficial ridge-like eleva- 
tions, Scattered hyalin processes and fine tubercles in furrows. With low magnifi- 
cation, areolae appear arranged more or less in straight lines crossing long axis of 
body, and elevations as bright granules in pairs over areolae. In sections of cuticula, 
areolae show same height and elevations conical in shape with rather pointed tips. 
Here and there occur hyalin processes nearly same height as areolae. Appearance 
of cuticula in different liquids is rather constant. Areolae very distinct in diluted 
glycerine and in superficially dried pieces of cuticula. 
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Locality: E.S.A.V., Vigosa, Minas Gerais, Brazil. 

Host: Collected by author from cockroach, B Jaffa orienlalis Linn., in very poor 
condition, evidently severely affected by infection. (The striking and unusual devel- 
opment of the abdomen of the cockroach had attracted attention. After removal of 
the worm, one could scarcely believe that such a large worm had come from inside 
a cockroach.) 

Type: One female, in collection of National Museum, Rio de Janeiro, Brazil. 


Text-Fig. 2. Photomicrograph of the cuticula of Neochordodes moraisi in 
lactophenol solution showing the single type of areolae, and wide interareolar spaces 
with ridge-like elevations. Some of the areolae show two or three of conical ele- 
vations (circa x 4S0). 


Areolae of one type with conical, paired or sometimes one or three 
prolongations do not occur in any other species of the genus. 

This species is named in honor of Dr. Ruy Gomes de Morais. 


SUMMARY 


1. Two new" cases of human infection wdth Gordiacea are reported. 
One of these involved infection of the urinary passages. 

2. The genus Chordodes is split into the genera Chordodes, Neochor- 
dodes and Pseiidochordodes. The latter two are new. 

3. Gordius danielis Camerano, 1894 is considered a synonym of G. 
paranensis Camerano, 1892. G. giiatemalensis v. Linstow, 1902, G. 
zvilleyi Camerano, 1899 and G. californicus Camerano, 1915 are consid- 
ered synonyms of G. rohustus Leidy, 1850. G. villoti Rosa, 1882 is con- 
sidered a synonym of G. setiger Schneider, 1866*. 
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4. Paragordius esavianits, Pseudochordodes manteri and Neochor 
dodes moraisi are described as new species. 
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Explanation of Plate I, p. 222 
Figs. 1-8 were drawn with the aid of a camera lucida. 

Fig. 1. Posterior end of Paragordius csavianiis (female), ventral view. 

Fig. 2. Posterior end of P. csavianiis (female), dorsal view. 

Fig. 3. Spine-like conical tubercles of P. esaviamis (female). 

Fig. 4. Posterior end of P. varius (female), dorsal view. 

Fig. 5. Group of areolae of P. varius, showing bright areas due to microscope 
adjustment (focus). 

Fig, 6. Posterior end of P. varius (male), compressed, ventral view. 

Figs. 7-9. Different groups of areolae of P. varius. 

Fig. 10. Areolae of P. diversolobatus (after Heinze, 1935), Showing simi- 
larity to areolae of P. varius. 

Fig. 11. Cuticula of Neochordodes talensis (after Camerano, 1897). Showing 
single type of areolae and granulations in interareolar furrows. 

Fig. 12. Cuticvldi oi Pseudochordodes par dalis C^rntr^no, 1%9Z). Show- 

ing large areolae with tubercles, and small areolae with sinuous irregular outlines. 



TRICHINELLA SPIRALIS. 11. INCIDENCE OF INFECTION 
IN HOGS AND RATS IN THE NEW ORLEANS AREA 

Charles E. Peres* 

Department of Tropical Medicine, Tulane University of Louisiana, New Orleans, La. 

Hinman (1) and Sawitz (2) through examination of autopsies have 
demonstrated that human infection with Trichmella spiralis occurs in the 
New Orleans area. Studying two square inches of diaphragm from each 
of 200 autopsies, Hinman found an incidence of 3.5 per cent. Sawitz, 
using larger samples and examining 400 autopsies, determined the inci- 
dence to be 6.0 per cent. In an earlier study Sawitz (3) detected an 
incidence of 5.0 per cent in 200 living persons by means of the intradermal 
test. In addition to man, rats, dogs and cats from this area have been 
examined. An incidence of 0.5 per cent was found in 200 rats (1), of 
1.3 per cent in 300 dogs, and 10 per cent in 90 cats (2) . 

The present study was undertaken to determine the sources of human 
infection and to complete the studies on the incidence of Trichmella 
spiralis infection in its principal hosts in this area. This entailed the 
examination for Trichmella of both hogs and rats, and in the case of the 
latter, especially those rats which had had opportunity for association 
with hogs or pork. 

SOURCE OF MATERIAL 

Pork consumed in New Orleans comes from hogs that are raised in 
the South (Louisiana, Mississippi and Alabama), hogs that are raised 
on the outskirts of the city, and those that are raised in the Midwest. 
Southern hogs, including those raised near the city, are shipped in alive 
and are slaughtered locally. Midwestern hogs are usually received 
already slaughtered and dressed, the principal product being loins. Since 
no figures on the actual consumption of pork are available, the figures 
presented in Table 1 have been computed from municipal tax receipts. 


Table 1. — Hogs consumed in New Orleans as indicated hy municipal tax receipts 



1934 

1935 

1936 

1937 

Total 

Southern hogs 

Midwestern hogs . . . 
Total 

21,816 

90,562 

112,368 

20,156 

58,494 

78,650 

30,708 

84,850 

115,558 

36,285 

78,391 

114,676 

108,965 

312,287 

421,272 


These figures based upon tax receipts are not complete, because there 
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are several concerns which sell pork in New Orleans, but do not operate 
branch houses, and do not pay the tax. The number of these hogs may 
be estimated at 25,000 annually. Combining these figures with those 
presented in Table 1 it is seen that the pork supply of New Orleans con- 
sists of approximately four-fifths Midwestern hogs and one-fifth Southern 
hogs. 

There is a difference in the food supply of these hogs. The hogs 
raised on the outskirts of the city are fed mostly upon garbage ; those 
from other parts of the South are allowed to roam in the fields and uproot 
peanuts where they are present; and those from the Midwest are fed 
largely upon grain. It seems reasonable to assume, however, that all 
hogs receive some garbage, even if it is only the unused material from 
the family table. In the present study hogs were examined from the 
sources mentioned above. 

During this study rats also were examined, special emphasis being 
placed on those frequenting local hog farms, the two local abattoirs, and 
two local rendering plants. 

METHODS OF EXAMINATION OF MATERIAL 

Pork samples of Southern hogs were obtained in the abattoirs imme- 
diately after the animals had been slaughtered. Large pieces of dia- 
phragm were cut from the hogs. Midwestern pork samples were ob- 
tained from branch houses of firms operating branches in the city and 
from butchers handling pork of packers not operating New Orleans 
branches. All samples of Midwestern pork were cut from fresh, unfrozen 
loins. 

The pork samples were prepared for examination by the artificial 
digestion technic. A solution of 1.0 per cent pepsin in 0,6 per cent 
hydrochloric acid was allowed to act upon 50-gram samples of the ground 
meat at a temperature of 38° C for 15 to 20 hours. During this time 
occasional stirring was done. The resulting material was strained 
through two layers of cheesecloth into a large funnel which was equipped 
with a short piece of rubber tubing having a screw clamp at the delivery 
end. The material was allowed to settle for 2 to 3 hours, during which 
time the liquid in the upper part of the funnel was lightly stirred once or 
twice. After this sedimentation period, about 30 ml. of the bottom mate- 
rial were drawn off into a Petri dish and examined. In addition, ap- 
proximately 250 samples were examined by the compressor technic. 

The rats studied were caught in guillotine-type traps on local hog 
farms, the two local abattoirs, and two local rendering plants. The dia- 
phragms of these rats were removed and immersed in 50 per cent glycerin 
solution. After 24 hours they were transferred to undiluted glycerin 
and, after another 24 hours, compressed between two slides and examined. 
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RESULTS OF EXAMINATIONS 

Five hundred sixteen Southern hogs were examined and found nega- 
tive for Trichinella. Seven hundred ninety-two loins representing at 
least 399 Midwestern hogs were examined and also found negative. 
Fifty samples of pork sausage bought from butchers and probably made 
up of both Southern and Midwestern pork, were examined by artificial 
digestion with negative results. Thus examination of 915 hogs and SO 
samples of pork sausage consumed in New Orleans revealed no presence 
of Trichinella, 

Of 467 rats examined, two were found infected with Trichinella, an 
incidence of 0.4 per cent. One of the positive rats was trapped on one 
of the hog farms, the other in a rendering plant located near several hog 
farms. In none of 280 rats from the abattoirs was Trichinella infection 
detected. 

DISCUSSION 

Although the studies of Hinman and Sawitz indicate an incidence of 
5 to 6 per cent Trichinella infection in the human population of the New 
Orleans area, an examination of pork as the source of infection has re- 
vealed no positives among 915 hogs sampled. Furthermore, 50 samples 
of pork sausage were also negative. 

The failure to find any positives in 516 Southern hogs indicates that 
the percentage of infection in the hog population of this area is low. Cal- 
culated from the binomial distribution and Fisher’s fiducial probability 
theory, the probability is only 0.025 that the percentage of infection in 
these hogs exceeds 0.73 per cent. A similar low incidence in the South 
was determined in 1881, by Deverson (4), who detected only 0.4 per 
cent positives among 5400 hogs and, in 1883, by Detmers (5) who found 
no positives in 4146 Southern-raised hogs. 

The significance of the failure to find any infected hogs in 399 Mid- 
western hogs may be expressed statistically as a probability of only 0.025 
that the percentage of infection in that group exceeds 0.95 per cent. 
After an examination of thousands of samples Hall (6) reported inci- 
dences of 1.5 and 4.8 per cent respectively for grain-fed and garbage-fed 
Midwestern hogs, Schwartz (7) reported incidences of 1.0 and 5.0 per 
cent for similar groups. Hood and Olson (8) found a 0.4 per cent inci- 
dence in 500 grain-fed Midwestern hogs. 

The 0.4 per cent Trichinella infection in 467 rats examined approxi- 
mates Hinman’s results (1) of 0.5 per cent in 200 rats taken at random 
in New Orleans. These comparable figures in rats indicate no appre- 
ciable difference in Trichinella incidence in i"ats associated with hogs as 
compared with rats living in the metropolitan area of New Orleans. 

Of special interest is the absence of positives in 280 rats taken from 
the abattoirs. Many of these rats probably had opportunity to feed 
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upon stored pork, and if trichinous pork were occasionally stored in the 
abattoirs, the incidence of Trkhinella in these abattoir-rats should be 
greater than in rats not frequenting places of pork storage. Thus the 
absence of infection in these 280 rats is further evidence of the low inci- 
dence of Trichinella infection in Southern hogs. 

While the actual source of the 5 to 6 per cent incidence in man has 
not been detected in this study, it may be assumed that this infection rate 
is maintained by an occasional infected hog which would be found only 
by examination of much larger numbers of hogs. 

The incidence of Trichinella infection in its main hosts in the New 
Orleans area may be summarized from the present data and those of 
Sawitz (2) by using his epidemiological diagram: 

doj?s 
1.3% 

rats 
0.4% 

cats 
10 % 

SUMMARY 

During 1938 and 1939 the diaphragms of 516 Southern hogs and the 
loins of 399 Midwestern hogs were examined for Trichinella infection by 
the artificial digestion technic. None was found infected. Likewise, 
none of 50 samples of sausage from local butchers revealed infection. 
Two positives, or 0.4 per cent, were detected in 467 rats trapped in this 
area. These low incidences agree with the low infection rate in man in 
the New’' Orleans area, as contrasted with other areas of the United 
States. 
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MESOCESTOIDES MANTERI N. SP. FROM A LYNX, WITH 
NOTES ON OTHER NORTH AMERICAN SPECIES 
0¥ MESOCESTOIDES 

Asa C. Chandler 

Biological Laboratory, Rice Institute, Houston, Texas 

There is considerable difference of opinion with respect to speciation 
in the genus Mesocestoides, Most writers, including Cameron (1925), 
Mueller (1928, 1930) and Joyeux and Baer (1932) recognize a consider- 
able number of species parasitic in mammals, whereas Witenberg (1934) 
merges them all in the litteratus, of which he recognizes three 

‘■'forms'’ of doubtful status. 

I have not had an opportunity to examine specimens of Mesocestoides 
from other parts of the world, so am not in a position to pass judgment 
on Witenberg’s conclusions with respect to the forms which he studied 
from Palestine and Europe, but I have collected and examined specimens 
from various North American mammals which in my opinion undoubtedly 
represent three distinct species. Specimens obtained from an opossum 
are readily recognizable as Mueller’s species, latus, originally reported 
from a skunk in Minnesota, and later from a kitten in Minnesota and an 
opossum in Illinois. Specimens from a raccoon from Lufkin, Texas, and 
some fragments from a dog and from a raccoon from Nebraska, reported 
by Coatney (1936) and kindly sent to me for study by Dr. H. W, Manter, 
correspond closely with Mueller’s variahilis var. maior, reported from a 
skunk in California. Some specimens from a lynx in Nebraska, also 
kindly supplied for study by Dr. Manter, undoubtedly constitute a new 
species, for which the name Mesocestoides manteri is proposed. 

Mesocestoides latus Mueller, 1928 

Four specimens were obtained from an opossum at Houston, Texas, 
none possessing fully ripe segments, measuring 34.5, 76, 106, and 112 cm 
in length, thus exceeding the greatest length previously reported for this 
species (SO cm) by Mueller ( 1930) . The 76 cm specimen had about 800 
proglotticls. Mature segments are about 1.4 to 1.8 mm wide and 0.45 to 
0.7 mm long. The segments become approximately square at about the 
600th segment. The terminal segments of the longest worm, which are 
almost fully ripe, are 3.4 mm long and 1.6 mm wide. This worm, as 
pointed out by Mueller, lacks calcareous corpuscles, and becomes very 
clear on prepared slides as compared with other species. Another charac- 
teristic feature, not mentioned by Mueller, is the sharply defined w’-alls of 
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the vagina; an enlarged portion of this organ serving as a seminal recepta- 
cle, lying just anterior to the cirrus pouch, persists even in the terminal 
segments of the worm, and is almost as conspicuous as the cirrus pouch. 
Still another peculiarity is the method of forniation of the egg capsule 
(Fig. 1, g~k) . This develops from a mass of dense tissue at the posterior 
end of the uterus, which differentiates into a carrot-shaped organ with 
thick fibrous walls and a broad lumen. The egg capsule develops from the 
middle portion of this organ, the anterior portion having a broad lumen 
through which eggs reach the capsule, the posterior part contracting into 
a tail-like process. 

Mesocestoides variabilis 1928 

Mature specimens of this worm were obtained from two raccoons from 
Lufkin, Texas, and some young forms still in the tetrathyridium stage 
were found in a third raccoon from the same locality. Two complete 
worms were each approximately 20 cm in length with a diameter of 1.25 
to 1.5 mm. The scoleces measured 320 and 380 p in diameter, respec- 
tively, in one case clearly demarcated from the neck, in the other not. 
Primordia of genital organs first appear faintly several millimeters behind 
the head. Mature proglottids are 550 to 840 p broad and 280 to 400 p 
long. Ripe segments are 1.8 to 2.1 mm long and 1.25 to 1.75 wide, the 
junction with adjoining segments being 700 to 750 p broad. 

This species is most readily distinguished from by its small 
scolex, by the numerous calcareous corpuscles and denser muscles which 
make it much less transparent, and by the method of development of the 
egg capsule, which fii*st forms like a bowd around a more or less spherical 
mass of eggs, which may persist, although a thick-walled sphincter-like 
structure, as in othtv Mesocestoides, develops anterior to the mass. The 
fragmentary specimens from a dog and a raccoon from Nebraska are 
tentatively referred to this species ; only semi-ripe and ripe segments are 
available. The former show the method of formation of the egg capsule 
around an egg mass which seems to be characteristic of variabilis. The 
ripe segments, 3 to 3.6 mm long and 1.3 to 1.4 broad, are much larger 
than my Texas specimens of variabilis, and resemble those of latus, except 
that they have abundant calcareous corpuscles. The difference in size 
may be due to method of relaxation and fixation. My specimens were 
obtained from a raccoon’s carcass that had been frozen. 

Since the specimens here reported from Texas raccoons are intermedi- 
ate in size between Mueller’s typical variabilis from Spilogale and Urocyon 
and his variety maior from Mephitis, it is probable that, as Mueller (1928) 
suspected, the distinction between these two forms is not a valid one, and 
the varietal name maior should be dropped. 
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Mesocestoides fnanteri n. sp. 

(Figs. 1 a-f, 2, 3) 

Description : Length 0.9 to 1.6 cm, with maximum width, in ripe segments, of 
1 to 1.25 mm ; total number of segments only 25 to 55. Scolex 420-490 p in diameter 
and 285 to 350 p long, set ofif from neck inconspicuously or not at all. Suckers in 
two pairs, dorsal and ventral, 175-210 p long and 155-180 p wide, with strong 
muscles, slit entire length antero-posteriorly, and directed straight dorsad and ven- 
trad or slightly forward. Neck 315 to 500 p broad at junction with head, almost 
immediately becoming as wide or wider than head. Primordia of genital organs 
first seen faintly about 720 p to 1 mm from anterior end ; first evidence of segmenta- 
tion at edges of worm about 1 to 1.5 mm from anterior end. Segments develop 
rapidly, becoming fully mature at 16th to 20th segment, including those in which 
the primordia are only faintly present. Only a few sexually mature segments before 
uterus begins developing. Mature segments from 700 p wide and 485 p long to 900 p 
wide and 175 p long. Usually only one ripe segment present, bell shaped; junction 
with preceding segment only 265 to 350 p broad. 

Testes about 30 to 45 in number, closely crowded inside longitudinal excretory 
canals and occupying all space not occupied by other organs, 4 or 5 situated outside 
canals on each side ; spherical or slightly oval or uneven, from 48 by 48 p to 50 by 
60 p in size. Cirrus pouch with posterior border at about middle of segment directed 
antero-dorsad, 88 to 110 p in diameter, and 88 to 140 p long as seen from flat surface 
of segment; contains very much coiled sperm duct, and persists even in ripe 
segments. 

Ovaries oval or round, 90 to 110 p long and 70 to 110 p broad, close together and 
connected by a ventral bridge, from 0 to 20 p apart ; distance between outer borders 
of ovaries 165 to 245 p. Vitelline glands smaller than ovaries, ventral to them, 65 
by 70 p to 88 by 88 p, 65 to 95 p between them ; distance between outer borders 200 
to 265 p. V agina only moderately convoluted, passing around cirrus pouch on 
irregularly alternating sides, and opening just anterior to cirrus. Uterus appears 
first a few segments after sexual maturity is reached, bending around cirrus pouch 
and ending short of anterior border of segment. A few segments farther back it 
begins to expand and to fill with eggs, quickly forming a series of saclike bodies, 
one large one anterior to cirrus. Meanwhile posterior portion becomes surrounded 
by a mass of nuclei, and elongates and enlarges into a gourd-shaped body wdth a 
narrow lumen somewhat enlarged posteriorly, and thick striated walls, especially 
dense in the goose-neck region. At this stage practically no remnant of uterus 
visible posterior to gourd-shaped structure. Egg capsule develops from posterior 
portion of lumen leaving no caudal appendage (Fig. 1 a-f). In last 3 or 4 seg- 
ments caudal appendage grows out anew)^ in characteristic s-shaped form, reaching 
a length of 350 to 450 p. Egg capsule slightly longer than broad, 350 by 320 p to 
395 by 350 p. Egg mass 245 to 275 p broad and 220 to 260 p long, truncated pos- 
teriorly; wall of capsule thickened posteriorly where tail-like appendage forms. 

H ost : Lyn-x {Lynx mfus) , 

Habitat: Small intestine. 

Locality: Nebraska, U. S. A. 

Type: U. S. Nat. Mus. Helm. Coll. No. 44941. 

Mesocestoides manteri is smaller than any other described forms of 
the genus except M. bassarisci MacCallum, 1921. The latter species is 
inadequately described, and may possibly be identical with the species here 
reported, but bassarisci is said to have the testes confined between the 
lateral canals, and to have the mature segments indistinctly divided from 
each other. 

Aside from its small size and small number of segments, this species 
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Fro. 1. Development of egg capsule from posterior part of uterus in Meso- 
cestoldes mmteri (a-f) and Mesocestoides latus (g-k) . Mass of eggs shown in a 
sometimes missing. 

Fig. 2. Mesocestoides manfer% mtire spQcitntn. 

Fig. 3. Mesocestoides mante^d, ripe segment. 

Fig. 4. Mesocestoides vartabilis from raccoon, ripe segment, drawn to same 
scale as Fig. 3. 
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is distingtiished by its relatively broad head and neck, the bell-shaped ripe 
segments, and the method of formation of the egg capsule and of the long, 
looped caudal appendage posterior to it (ci Fig. 1 a~f and Fig. 1 g-k). 


SUMMARY 

A dwarf species of Mesocestoides, M, manteri n. sp., is described from 
a lynx in Nebraska. M. latus is reported from an opossum in Texas, and 
M. variahilis from a raccoon in Texas and from a raccoon and dog in 
Nebraska. Specific differences in method of formation of the egg capsule, 
and caudal appendage of the capsule, are pointed out. 
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A STUDY OF TEMPERATURE EFFECTS ON GREGARINES 
OF TENEBRIO MOLITOR LARVAE* 

Sister Mary Muriel MacDougall 

Gregarines in mealworms have been the objects of many investiga- 
tions — Pfeffer (1910), Miihl (1921), Daniels (1938), and others— but 
these studies have been confined chiefly to the morphology or develop- 
ment of various species and have not been concerned with the effects of 
any physico-chemical variable on these parasites. Von Brand (unpub- 
lished) used temperature as a means of defaunating Tenebrio molitor 
from their gregarines. Reyer (1937), referring to von Brand's investi- 
gations, assumes that high temperature merely hastened the encystment 
of the parasites and did not kill them. It seemed of interest to study this 
mechanism of eliminating the parasites more intensively and to extend 
the investigations also to the spore stages. 

materials and methods 

The gregarines used in this study were obtained from the intestines 
of mealworms and comprised the three species described and illustrated 
in the papers of Miihl (1921), and Daniels (1938), namely, Gregarina 
steini Gregarina cuneataj and Gregarina polymorpha. The predomi- 
nant form was Gregarina polymorpha; and since the reaction to tempera- 
ture was apparently quite similar in all three species, it was not deemed 
necessary to keep separate records for each species. The infection rate 
of the mealworms used ranged in the different batches from 66 to 99 per 
cent. In examining the hosts for parasites, the entire alimentary canal 
of the animal was removed, crushed on a slide in 0.65 per cent saline 
solution, and observed under the microscope. For routine examination 
these fresh slides proved entirely satisfactory. In some instances, how- 
ever, the parasites were stained with borax-carmine. 

In conducting the defaunation experiments by the incubation method 
the mealworms were placed in sterile culture dishes and put in an incuba- 
tor at 37.5 ±: 1° C for varying periods of time. A small piece of damp- 
ened paper towelling added to each dish furnished sufficient moisture. 
At the close of the incubation period the hosts were transferred to a 
sterile culture dish and kept at room temperature until dissected. In 
carrying out experiments in which it was necessary to maintain higher 

Received for publication, August 18, 1941. 

A contribution from the Department of Biology, The Catholic University of 
America, Washington, D. C. This paper, prepared under the direction of Dr. 
Theodor von Brand, is based on the author’s dissertation submitted in partial ful- 
fillment of the requirements for the degree of Master of Science. 

233 



234 


THE JOURNAL OF PARASITOLOGY 


temperatures for periods of 15 or 20 minutes, the procedure was some- 
what changed. It was deemed unsatisfactory to place the hosts in air 
at higher temperatures, since for the short periods wanted there was no 
guarantee that the heat would penetrate the worms. Therefore, a simple 
water bath was constructed and used for these experiments. The meal- 
worms were immersed in water in a 200-ml Erlenmeyer flask, which was 
closed with a one-hole stopper into which a thermometer had been in- 
serted. This thermometer registered the temperature of the water which 
surrounded the mealworms. The flask was fastened to an iron stand 
and set into a water bath heated to the desired temperature. It was 
found convenient to use this same method in testing the viability of the 
gregarine spores in infected bran. 


EXPERIMENTAL DATA 


The first step was to attempt defaunation experiments on the host 
larvae by means of the incubation method as von Brand had done. The 
objective was to free the mealworms from their parasites without causing 
injury to these hosts. Fig. 1 gives a graphic representation of all the 
results obtained when ten difiFerent batches of mealworms were incubated 
at 37.5° C for periods ranging from one to six days. Of the 541 experi- 
mental animals incubated 51 died, 75 pupated, and 415 were examined. 
In the graph the percentage of parasite-free hosts is plotted against the 
incubation period as the abscissae. This curve showy's that an incubation 
period of six days is sufficient to completely free the mealwoiTns from 
their parasites. 

Tenebrio larvae were then submitted to higher temperatures for 
shorter periods of time, and moist heat was used instead of dry heat. 
This difference affects, of course, only the hosts, since the gregarines in 
the intestine live always in moist surroundings. The heat applied to 
them in the incubation experiments must also be regarded as moist heat. 
The control group used in this test showed an infection of 85 per cent. 
Fifty experimental animals were kept immersed in water at 40° C for IS 
minutes. The temperature was maintained by means of the water bath 
previously described. When the hosts first came in contact with the 
warm water they became unusually active, and twisted and squirmed 
energetically in an attempt to crawl up the side of the flask and the stem 
of the thermometer. This pronounced activity gradually diminished and 
after about 10 minutes only a few of the worms showed any motility and 
those few were very lethargic. At the end of 15 minutes all motility 
ceased and the larvae were removed from the flask and placed in a dry, 
sterile, culture dish. The entire batch of woiuns was inactivated. By 
the next morning, however, most of the larvae had revived, although 
many of them were more lethargic in their movements than usual. When 
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examined, it was found that the infection rate had dropped from 85 to 17 
per cent. The marked reaction which the hosts showed to the moist 
heat in this experiment led to the assumption that they would not be able 
to withstand a temperature much higher than that which killed their 
parasites. In order to determine the thermal death-point of the hosts 
under these conditions, 50 worms were immersed in water at 42.5° to 



10 I 2 3 4 5^ 6 

NUMBER OF DAYS INCUBATED AT 37® C. 


Fig. 1. Defaunation of mealworms kept at 37.5° C. 

43.5° C and this temperature maintained for a 15-minute period. Inac- 
tivation of the larvae was observed shortly after immersion, and not one 
of these hosts revived. In other words, the thermal death-point of the 
gregarine trophozoite, when death is achieved by a short exposure to high 
temperatures, is only about 3° lower than that of their hosts. 

The experiments mentioned so far show that a temperature of 40° C 
is lethal to the gregarines but they are not sufficient to decide whether or 
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not Reyer’s hypothesis concerning the action of a temperature of 37° C 
is correct. The decisive test had to be preceded by reinfection experi- 
ments. 

One hundred and thirty-five mealworms were first defaunated by 
incubation for one week at 37.5° C, and after removal from the incubator 
kept at room temperature and fed bran containing the spores of the greg- 
arines for periods of 7, 10, and 14 days. The spore-containing bran 
was obtained from the jar in which the stock culture of infected Tenebrio 
larvae was kept. The average reinfection which took place in the three 
feeding periods was 91 per cent. In each lot examined in this series 
very small gregarines were present which indicated the expected “new 
infection,” but together with them large ones appeared in some of the 
larvae, which might be interpreted as an “old infection.” In order to 
account for these large gregarines another test was made. This time 29 
defaunated larvae were put into spore-infected bran for only three days. 
Examination of the hosts at the close of the three day feeding period 
showed 25 parasite-free larvae and only one infected larva. (Three of 
the lot were dead.) The one positive finding revealed a very sparse 
infection of only small gregarines. It may be supposed that actually 
more mealworms were already infected, but that the parasites were still 
in the intracellular stage and thus escaped detection. Therefore, it seems 
likely that the large gregarines noted in the earlier reinfection experi- 
ments were due to the fact that some of the larvae may eat spores on the 
first day that they are in the infected bran and so become parasitized 
earlier than some others in the same lot that may not have come in con- 

tact with the spores until several days later. 

The fact that mealworms were so easily reinfected allows a further, 
and, it is believed, a decisive test concerning Reyer’s hypothesis. Fifty 
worms, defaunated in the usual manner, were put into spore-infected 
bran for one week. They were then removed from the bran and 20 of 
the lot were examined. Seventeen of these showed a heavy infection of 
both large and small gregarines, two showed a heavy infection of only 
small gregarines, one was negative. The remaining 30 of this lot were 
put into a sterile culture dish and incubated at 
37.5° C for a period of four days. If a temperature of 37.5° C does not 
kill the gregarines but merely hastens the life cycle, as Reyer assumed, 
the incubation period of four days with newly reinfected larvae should 
not eliminate the parasites, _but merely allow the young infections to grow 
to the size of the old infections. However, when this lot was examined 
29 were found to be negative; one had died. The legitimate conclusion 
is that the gregarine trophozoites had actually been killed. 

These experiments conducted on the trophozoite stage of the grega- 
nnes were followed by a series of experiments designed to test the viability 



TxA^ble 1 . — Spore viability tested by dry heat 


Temperature 
to which spores 
were heated 

Number 
of hosts 
fed on 
test bran 
for 7 days 

Eemarks 

Number 
of hosts 
showing 
gregarine 
infection 

Number 
of non- 
infected 
meal- 
worms 

Percent- 
age of 
hosts in- 
fected 
by viable 
spores 

>-50® C-15 min. 

■ 54 

2 pupated : 

3 dead ; 49 exam. 

39 

10 

80% 

76% 

)-64® C-15 min. 

39 

10 dead ; 29 exam. 

2‘^ 

7 

>-70® C-20 min. 

50 

50 exam. 

1 

49 

1% 

>-96® C-20 min. 

56 

10 dead ; 46 exam. 

4 

42 

9% 


spores, but they were destroyed i£ exposed for 20 minutes to 68^-70° C. 

Dry spore-infected bran was also submitted to incubation at 37.5® C 
for periods of 50 and 90 days, but the spores were still viable as 60 per 
cent of the pai*asite-free mealworms fed on this bran became infected in 
the first instance, and 73 per cent in the second. 

In order to decide whether moist heat would prove more detrimental 
to the spores than dry heat, infected bran was placed in a flask — in the 
same manner as described above — and covered with water heated to the 
same temperature as that of the water bath in which the flask was placed. 
This temperature varied in each test and was maintained for periods of 
15 or 20 minutes. After heating, the bran was removed from the flask, 
spread out in a pan and allowed to dry in air. When thoroughly dry, 
the bran was ground in a mortar in order to break up the large clumps 
formed when the bran was wet. This bran was then put in a sterile cul- 
ture dish and mealworms which had been previously defaunated were put 
in the dish to feed upon the bran for a period of one week. This series 
is summarized in Table 2. A temperature of 39® - 40° C for 20 minutes 


spore stage at various temperatures. The criterion of spore viabil- 
ity was to be the number of infections observed in larvae fed upon the 
spore-containing bran after it had been subjected to varying tempera 
tures. Bran taken from the infected stock culture, and containing a 
quantity of the granular, sandy excreta in which the gregarine spores 
occur, was placed in a 200-ml Erlenmeyer flask. The flask was equipped 
with a thermometer, the bulb of which was placed in the center of the 
bran. The flask was immersed in a water bath and the desired tempera- 
tures maintained for periods of 15 or 20 minutes after the bran had 
reached the intended temperature. At the end of this time the bran 
was brought to room temperature and transferred to a sterile culture 
dish. Mealworms which had been previously defaunated by the incuba- 
tion method were put into this bran and kept at room temperature for a 
period of one week, at the end of which time they w^ere examined for the 
presence of gregarines. The results of this series are summarized in 
Table 1. Temperatures of 49°-50° C and 60°-64° C did not kill the 
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Table 2. — Spore viability tested by moist heat 


Temperature 
to which spores 
were heated 

Number 
of hosts 
fed on 
test bran 
for 7 days 

Remarks 

Number 
of hosts 
showing 
gregarine 
infection 

Number 
of n on- 
infected 
meal- 
worms 

Percent- 
age of 
hosts in- 
fected 
by viable 
spores 

39-40® C-20min. 

28 

1 dead ; 27 exam. 

20 

7 

74% 

54-55® C-20 mixi. 

40 

2 dead ; 38 exam. 

none 

38 

— 

63-64® 0-20 min. 

50 

.5 dead ; 45 exam. 

none 

45 

_ 

48-50® C-15 min. 

43 

2 pupae ; 33 exam. 
10 dead. 

none 

33 



had no detrimental effect on the spores but temperatures of 48° to 50° C 
and above killed the spores. 


DISCUSSION 

Cleveland (1924) was able to completely defaunate termites (with- 
out injuring these hosts) by incubating them at 36° C for a period of 24 
hours. Von Brand (unpublished) sterilized Tenebrio larvae by incu- 
bating them at 37° C for a period of five days. In this study, complete 
defaunation was accomplished by a six-day incubation period at 37.5° C. 
In contrast to Reyer^s opinion, these experiments prove that this tem- 
perature actually kills the trophozoite stage of the gregarines and does 
not merely accomplish defaunation by causing the vegetative stage to 
encyst. The fact that gregarine trophozoites disappear from the meal- 
worms after the latter have been immersed for a short time into water of 
40° C is doubtless due to a lethal influence of this temperature. The 
mealworms become, as mentioned above, immotile, but recover after a 
certain time. The suspicion that the gregarines were not killed by this 
temperature, but by asphyxiation which might result from a curtailment 
of breathing activities of the hosts during the period of immobility, was 
disproved by von Brand. He (personal communication) subjected 
mealworms to anaerobic conditions lasting four hours, during which time 
they ceased all movements. After recovery they showed only an insig- 
nificant drop in infection rates as compared to the control group. 

The experiments testing spore viability bring out the fact that the 
spores could be killed by moist heat at 48°— 50° C for 15 minutes, or by 
dry heat at 68°--70° C for 15 minutes. In comparing these results with 
those of other investigators who made similar studies on the viability of 
cysts of intestinal protozoa, we find that there is considerable variation 
in viability even among parasites living in the same environment. Boeck 
(1921) made extensive studies on the resistance of human intestinal 
cysts to moist heat with five minutes exposure at 48°-52° C. When 
exposed to temperatures higher than 52° C, the number of dead Enda- 
moeha histolytica cysts increased with each increase of temperature until 
all of them w^ere dead at the thermal death-point of 68° C. Endamoeba 
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coU cysts displayed a high degree of resistance from 52° to 64° C, and 
their thermal death-point was not reached until they had been exposed 
for 5 minutes at 76° C. The cysts of lodamoeha butschlii were less re- 
sistant, as large numbers died after being exposed to temperatures above 
56° C; and the thermal death-point was reported to be 64° C for five 
minutes. Endolimax nana cysts also had a thermal death-point of 64° C, 
as did Giardia intestinalis C3^sts. Chilomastix mesnili cysts proved to be 
almost as resistant to heat as were those of Endamoeba coli, as their 
thermal death-point was reached after a 5 -minute exposure to 72° C. 

Reinhardt and Becker (1933) subjected the cysts of Eimeria miyairii 
to moist heat maintained by means of an electrically controlled water 
bath. They found that the unsporulated oocysts were killed in 15 sec- 
onds at a temperature of 53° C and in 24 hours at a temperature of 41° C. 

Ellis (1938) tried the effect of dry heat exposure (incubation 
method) on sporulated and unsporulated oocysts of Eimeria te^iella. 
Sporulated oocysts became non-viable after one day exposure to a tem- 
perature of 39° C. At this same temperature unsporulated oocysts did 
not sporulate. Neither did sporulation occur when the cysts were ex- 
posed to temperatures as low as 4.4° C or as high as 37° C for 48 hours ; 
however, the viability of the cysts was retained as sporulation promptly 
occurred when these cysts were placed at 21.1° C 

SUMMARY 

1. An incubation period of six days at 37.5° C is sufficient to com- 
pletely defaunate mealworms from their parasitic gregarines and this 
temperature actually kills the gregarine trophozoites and does not merely 
hasten their encystment. 

2. The thermal death-point of the trophozoite stage is 40° C when 
exposed to moist heat for 15 minutes. 

3. The thermal death-point of this parasite is only 2° to 3° lower 
than the thermal death-point of its host. 

4. The defaunated hosts may be reinfected by feeding them bran 

containing gregarine spores. • 

5. Spore viability is destroyed when gregarine spores are exposed to 
dry heat at a temperature of 68°-70° C for 20 minutes; or when they 
are exposed to moist heat at a temperature of 48°-50° C for IS minutes. 

6. Spore viability is not affected by an incubation period of ninety 
days dry heat at 37.5° C. 
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A NEW SPIRUROID NEMATODE, THELAZIA BUTEONIS, 
FROM SWAINSON’S HAWK* 

Karl E. Herde 

In April 1939 a Swainson’s hawk, Bnteo szvainsoni Bonaparte, 1838, 
collected near Tahlequah, Oklahoma, was found to contain in the orbit 
of one eye a male and six female specimens of an apparently new thela- 
ziid nematode. The worms were preserved in 10 per cent formalin. 
Later they were washed in water, partially dehydrated in alcohol, and 
transferred to glycerin for study. 

Thelasia buteonis ii. sp. 

(Figs. 1-4) 

Description: Body slender, transparent, and slightly milky or colorless in life. 
Cuticle marked by numerous (74-86 per mm of body length) annular constrictions 
which are very distinct anteriorly but gradually fade out toward the rear and become 
unrecognizable at a level slightly in front of the anus — optical margins of anterior 
two-thirds of body slightly serrate in appearance because of these annulations. 
Mouth and buccal cavity roughly circular in en face view. Cephalic papillae, pres- 
ent in the number and arrangement characteristic of the genus, include, besides the 
prominent amphids, six minute internals, medium-sized dorsodorsals and ventro- 
ventrals, and large laterodorsals and lateroventrals. Nerve ring prominent, near 
middle of esophagus. Deirids somewhat behind nerve ring. 

Female: Measurements from 5 mature preserved specimens under cover glass 
pressure. Length 13.0 (12.1-13.9) mm, width near middle of body 605 (471-648) ^i. 
Buccal cavity — length 35 (28-41) p,, width 50 (41-55) jx. Esophagus — length 562 
(506-615) p, greatest width 84 (80-87) p. Distance from anterior end — nerve ring 
286 (275-300) p, vulva 575 (522-647) p, deirids 391 (388-413) p. Tail broadly 
conical with a rounded tip; 210 (187-233) p long. Vulva near level of posterior 
end of esophagus, being sometimes slightly in front of and sometimes slightly back 
of this point. 

Male: The single preserved specimen was measured under cover glass pressure. 
Length 11,1 mm, width near middle of body 573 p. Buccal cavity 27 p long and 
45 p wide. Esophagus 487 x 87 p. Nerve ring 258 p from front end. Tail broadly 
rounded at tip, 173 p long. Spicules — right 204 x 36 p, stout, heavily chitinized, and 
with a rugged surface ; left 1658 x 9 p, delicate and acicular. Caudal papillae include 
8 left, 9 right, and 1 median preanals ; 1 right para-anal; and 7 pairs of rather sym- 
metrically arranged postanals. 

Host: Bnteo swainsoni Bonaparte, 1838. 

Orbit of eye. 

Locality: Tahlequah, Cherokee County, Oklahoma. 

Specimens: Four females and one male in alcohol, in U, S. Nat. Mus. Helm. 
Coll., No. 36804 (cotypes). 

The genus Thelasia Bose, 1819, contains 31 previously known species 
all of which appear normally to be parasitic about the eyes of birds or 
mammals. The new species was studied in comparison with descriptive 

Received fo'r publication, September 4, 1941. 
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data on all of the others. The writer's sources of information were the 
compilatory accounts of Cram (1927) and Price (1931) for the older 
forms and the respective original descriptions of Baylis (1920 and 
1934b), Dubinina (1937), Ershov (1928), Hsii (1933 and 1935), Oser- 
skaja (1931), Price (1930), Railliet and Henry (1910a and 1910b), 
Sandground (1933), Schuurmans Stekhoven (1937), Smit and Noto- 
Soediro (1930), and Wehr (1930) for the several forms whose specific 
names first appear in them. 

The 20 previously described avian species of Thelazia differ from 
T. huteonis n. sp. as severally indicated below: 

T. annamcnsis Sandground, 1933, T, canipamdata (Molin, 1858) 
Railliet and Henry, 1910, T, cholodkowskii Skrjabin, 1922, Ts cirrura 
(Leidy, 1886) Railliet, 1916, T. dac elonis XBrtml, 1913) Travassos, 
1918, T. a Travassos, 1918, T. Stek- 

hoven, 1937, T. longicauda Sandground, 1933, T. lutzi Travassos, 1918, 
T. nyctardeae Dubinina, 1937, T. stereura (Rudolplii, 1819) Railliet 
and Henry, 1910, and T. tonkinensis Hsii, 1935, all have the vulva in the 
female located cephalad of the anterior end of the intestine by at least 
one-fourth of the length of the esophagus ; 

T. anolabiaia (Molin, 1859) Railliet and Henry, 1910, has finger- 
like processes that extend into the buccaP cavity from the rim of the 
mouth; 

T. aquilina Baylis, 1934b, is considerably larger and has only 4 pairs 
of postanal papillae in the male ; in 

T, chili Hsii, 1935, described from a single male specimen, the body 
is considerably larger, the right spicule is much shorter in proportion 
both to the length of the body and the length of the left spicule, and a 
/'gubernaculum-like” structure occurs near the cloaca ; in 

T. chiingkingensis Hsu, 1933, the body is smaller in both sexes, the 
tail of the female is relatively shorter, and the male has fewer caudal 
papillae; in 

T. dentifera Sandground, 1933, the tail is much shorter in both sexes, 
the male has fewer caudal papillae, and the left spicule is less’ than twice 
as long as the right ; 

T. deprcssa Baylis, 1920, is considerably larger and has the tail in 
both sexes terminating in a peculiar digitiform process ; in 

T: papulosa (Molin, 1860) Railliet and Henry, 1910, the body is 
more slenderly elongate, the neck is provided with delicate cuticular 
spines, the tail of the female is more bluntly rounded, and the male has 
fewer caudal papillae ; and in 

T. philippinensis W^v, 1930, the male has fewer postanal papillae, 
the length of the left spicule is greater in proportion to that of the right, 
and the tail of the female is relatively much shorter. 
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The 1 1 mammalian species differ from the new form as follows : in 

T. alfortensis Railliet and Henry, 1910a, T. calif orniensis Price, 1930, 

Oserskaja, 1931, T. flo?^esmna Smit and Noto-Soediro, 1930, 

T. giilosa Railliet and Henry, 1910a, T. lachrymalis (Gurlt, 1831) Rail- 
liet and Henry, 1910, T. leesei Rzillitt and Henry, 1910a, and T, rhodesii 
(Desmarest, 1828) de Blainville, 1828, the vulva of the female is situated 
caudad of the anterior end of the intestine by a distance equal to at least 
one-third of the length of the esophagus ; 

T. callipaeda Railliet and Henry, 1910b, has only 2 pairs of postanal 
papillae in the male; and in 

T, iheringi Travassos, 1918, and T. skrjabini Ershov, 1928, the males 
have more numerous preanal and fewer postanal caudal papillae. 

Thelazia depressa was originally found in a mongoose but Baylis 
(1934a) regards it as being normally a parasite of vultures. 
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RESEARCH NOTES 



OCCURRENCE IN THE HORSE OF TWO PARASITES OF CATTLE, 
I OSTERTAGIA OSTERTAGI (STILES. 1892) AND COOPERIA 

: ONCOFHORA {RKlGEmT, \m) 

J Unusual parasites, normally inhabiting the alimentary tract of ruminants, in 

I particular cattle, were met with three times in the horse when a large number of 

horse stomachs and duodenums were examined for parasites. 

! Case 1 was a four-year-old horse. The stomach showed signs of a chronic 

. hypertrophic gastritis wdth several circumscribed adenomatous changes in the 

I mucosa, which were due to the presence of numerous Trichostrongylus axei (Cob- 

bold, 1879), a parasite already known to occur in both horses and ruminants. In 
addition, two unfertilized females of the genus Ostertagia were found in the stom- 
? ach, both apparently belonging to the species 0. ostertagi (Stiles, 1892), the so- 

called medium stomach worm of the ox. (One of the females was somewhat 
injured, so that in this case the diagnosis of the species had to be made with some 
reservation. ) 

Case 2 was a fifteen-j^ear-old horse that had died of chronic gastroenteritis. 
The stomach and the duodenum were markedly inflamed. A slight infection with 
! Trichostrongylus axei was present in the stomach. Furthermore, 14 mature speci- 

f mens (5 males and 9 females) of Ostertagia ostertagi (Stiles, 1892) and one 

mature male of Cooperia oncophora (Railliet, 1898), a parasite of the small intes- 
tine of the ox, were found in the duodenum, while a female of 0. ostertagi occurred 
in the stomach. 

Case 3 was a one-and-a-half-year-old filly coming from the same pasture as 
case 1. Its stomach also showed the characteristic changes due to an abundance 
of Trichostrongylus axei. In addition, 5 mature Ostertagia ostertagi were found, 
viz., 3 males and 2 females, 2 of which were in the stomach, the remainder in the 
duodenum. 

So far as the authors are aware this is the first record from the horse of two 
parasites, otherwise so typical of ruminants, particularly cattle, as are 0, ostertagi 
and C. oncophora. It may be added that the size of the specimens found in the 
horses was in all cases nearly the same as in their natural hosts. The male of C. 
oncophora measured about 6.5 mm, the males of O. ostertagi from 5.0 to 6.5 mm 
j and the females of 0. ostertagi from 5.5 to 8.0 mm. Almost all females of 0. oster- 

tagi in cases 2 and 3, where males also were present, contained typical eggs in the 
' morula stage. — Hans Roth and N. O. Christensen, Department of Special 

Pathology, Royal Veterinary and Agricultural College, Copenhagen {Director: 
Professor PI. C. Bendixen). 

ORAL TRANSMISSION OF PLASMODIUM CATHEMERIUM 

I BY MEANS OF TISSUES 

j Four years ago, an experiment was performed by the author in order to deter- 

mine whether the exoerythrocytic stages of Plasmodium cathemerium in canaries 
could be transmitted by the oral route. The result was positive in one of four 
cases. Since an abrasion of the alimentary canal in the process of inoculation w^as 
a possible explanation of the positive result, this experiment w^as not reported at 
that time. The present report seems justified, however, because of the recent inter- 
est in the transmission oi Plasmodium hj the oral route (Shortt & Menon, 1940, 
J. Malar. Inst. Ind. ; Beltran & Larenas, 1941, Rev. Inst. Salub. Enferm, Trop. ; 
and Young, 1941, Pub. Health Rep. U. S. Pub. Health Serv.). The host, the 
species of Plasmodium, the use of tissue and the presence of exoerythrocytic stages 
f ill the inoculum makes the present experiment different from those previously 

reported. 

Canary 627 died Nov. 18, 1937, from ah infection with the wood thrush strain 
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oi Plasmodium cathcmcriiim. Its spleen, which showed both erythrocytic and 
exoerythrocytic stages, was macerated in citrated salt solution to make up a volume 
of 360 mgm. This mixture was administered into the crop of canary 637 by the 
use of a small catheter attached to a syringe. After an incubation period of 9 
days, Plasmodium was observed in the peripheral blood of canary 637. The patent 
period of this infection lasted for five days and terminated in death. At autopsy, 
both erythrocytic and exoerythrocytic stages were observed in the lung, spleen, 
liver, bone marrow and brain of canary 637. 

This experiment was repeated using three more canaries inoculated orally and 
a fourth, the control, inoculated intramuscularly. A portion of liver, the whole 
brain and the whole spleen of canary 636 (which died Nov. 28, 1937) were sus- 
pended separately in citrated salt solution. Each suspension made up a volume of 
about 400-460 mgm, and was administered orall}^ into canaries 652, 653 and 654, 
respectively, using the same method as had been employed for canary 637. The 
control canary, 655, was inoculated intramuscularly with heart’s blood from canary 
636. This blood contained about 3,000 parasites per 10,000 erythrocytes ; the tissues 
siiowed numerous erythrocytic and exoerythrocytic stages. The erythrocytes con- 
tained only uninucleate stages of Plasmodium, whereas the exoerythrocytic forms 
were represented by various stages from uninucleated stages to “ripe” schizonts 
apparently ready for, or in the process of, segmentation. 

The control canary, 655, died from the infection 8 days after its inoculation. 
The other three birds survived and showed no parasites for a period of three 
months. After this period, one (canary 652) was killed. Its tissues were exam- 
ined and found negative for malarial infection. The other two were reinoculated 
intravenously with the same strain of P. cathcvia’ium and both died from the infec- 
tion 13 days later, confirming the previous observation that they had not been in- 
fected by the oral route. 

To summarize, tissues of canaries containing erythrocytic and exoerythrocytic 
stages of the wood thrush strain of Plasmodium cafhenierium were administered by 
mouth to four canaries on two different occasions. One canary developed an infec- 
tion. Parasites were observed in its peripheral blood 9 days after oral administra- 
tion and exoerythrocytic stages w^ere found in its tissues at autopsy 14 days after 
inoculation. The other three canaries remained uninfected : their inocula contained 
various exoerythrocytic stages and only mononuclear erythrocytic stages of develop- 
ment.— Frum a WoLFSON, Department of Protoisoology, School of Hygiene and 
Public Health, Johns Hopkins University. 

THE INTR.WENOUS INOCULATION OF SPOROZOITES OF 
PLASMODIUM GALLINACEUM 

In 1936 Wolfson (J. Parasitol. 22: 291-292) reported the first case of bird 
malaria, Plasmodium praecox, transmitted by intravenous injection of sporozoites 
ill the canary. Three birds were inoculated with 150 mgm of saline-citrate solu- 
tion, to which a small amount of sterile bovine serum was added. Each bird re- 
ceived sporozoites from about two infected Culex pipiens. In one of the canaries 
the result was negative ; in the other two infections of different intensities appeared 
on the 10th day. Wolfson mentioned the unsuccessful experiments of previous 
workers- , 

In 1937, Warren and Coggeshall (Am. J. Hyg. 26: 1-10) reported the in- 
travenous inoculation of canaries with sporozoites of P. cathemerium, in saline 
solution, from infected salivary glands of C. pipiens; they said they had used this 
method for several months with “continuous success.” 

In this paper we report the intravenous injection of sporozoites of P. galli- 
naceum into two Leghorn chickens, each more than four months old. 

Infected salivary glands of Aedcs aegypti were crushed in a drop of Locke’s 
solution, and suspended in the same fluid. The injection was performed in a wing 
vein. In order to insure that no sporozoites were accidentally injected outside the 
blood vessel, the syringe was charged without needle, a small air bubble was allowed 
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to enter the tip of the syringe, which was then carefully cleaned. A clean needle 
was inserted and no pressure exerted until it was ascertained that the needle was 
in the vein; the passage of the air bubble inside the blood vessel proved that the 
needle was correctly placed. 

In the first chicken (Ga 168) the animal received sporozoites from the salivary 
glands of one mosquito. On the 6th day after the inoculation the blood was still 
negative, but on the 10th day parasites were found in the circulating blood in the 
proportion of 1,400 pai'asites per 10,000 erythrocytes. 

In the second chicken (Ga 184) the animal received sporozoites from the sali- 
vary glands of about LS mosquitoes. Parasites were found in the circulating blood 
on the 11th day after the injection, when their number w^as 9 per 10,000 erythro- 
cytes. 

The prepatent period after the injection of sporozoites intravenously seems to 
be the same as that observed after natural or artificial inoculation by subcutaneous 
or intramuscular routes. Our records (eight cases) vary from seven to eleven 

I days. This similarity in the period of incubation after inoculation with sporozoites 

by different routes, was observed by Warren and Coggeshall in their studies with 
P. cathemeri'um. 

The possibility of causing infections by intravenous injections of sporozoites is 
interesting, because of the gap existing in our knowledge of the primary stages of 
f malarial infections naturally caused by mosquitoes. It is desirable to establish if 

all the species of plasmodia have or have not the possibility of being transmitted 
I by intravenous injection of sporozoites. 

The studies of James and associates (1927, Tr. Royal Soc. Trop. Med. and 
Hyg. 21 : 233-236) show that human malaria can be induced by intravenous inocu- 
1 lation of sporozoites. The papers of Wolfson, and Warren and Coggeshall, and 

our experiments here reported, show that the transmission of avian malaria by 
!; intravenous injection of sporozoites is possible in the canary with Plasmodkwi 

praecox Siud P. cathemcrium, and in the chicken with P. gallinacemn. — Enrique 
Beltran and Luis Vargas, Instiiuto de Salubridad y Enfermedades Tropicales, 
Mexico, D. P. 


AMERICAN SOCIETY OF PARASITOLOGISTS 

Seventeenth Annual Meeting, Dallas, Texas 
December 29 TO 31, 1941 

Mintites oj the Seventeenth Annual Business Meeting 

The seventeenth annual business meeting of the Society was held at Hotel 
Baker on December 30, 1941, following the annual Parasitologists* Luncheon, which 
was attended by 95 members and guests. The meeting was called to order at 1 :20 
■PM by President James E. Ackert who introduced the officers of the Society and 
the five former Presidents who were present, Drs. Henry B. Ward, W. W. Cort, 
W. A. Riley, H. W. Stunkard and D. H. Wenrich. 

1. Reports OF Officers 

1. The report of the Secretary was presented. As of December 10, 1941, there 
were 447 members in good standing and 65 who were delinquent in dues for from 
one to three years, making a total membership roll of 512. Thirty-eight new mem- 
bers were elected during 1941. The deaths of the following members occurred dur- 
ing the past year: 

John E. Guberlet, Professor of Zoology at the University of Washington, De- 
cember 30, 1940, at Seattle, Washington. 

Charles Wardell Stiles, former President of the Society and Honorary Life 


Member, January 24, 1941, at Baltimore, Maryland. 
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Donald Cameron, of Ottawa, Canada, was killed in service with the Roj'al 
Canadian Air Force, June, 1941, at Malta. 

The Secretary also reported the following actions of the Council at its meeting 
held on December 28, 1941 : 

(1) Acceptance of the recommendation of the Secretary that, in the future, 
simultaneous sessions be scheduled, if necessary, to fit the program into a three-day 
meeting period. 

(2) Adoption of the report of the special nominating committee ( Dr. W. W. 
Cort, Chairman, Drs. F. C. Bishopp, A. C. Chandler, E. C. Faust, J. F. Kessel, Ben- 
jamin Schwartz, H. W. Stunkard, D. H. Wenrich and J. E. Ackert, ex officio) 
which recommended that the present Editorial Committee of the Journal of Para- 
sitology, Dr. N. R. Stoll, Chairman, Drs. W. H. Taliaferro and W. A. Riley, be 
elected for an additional term of one year beginning January 1, 1943. 

(3) Passage of a unanimous vote of thanks to Dr. N. R. Stoll and his collabora- 
tors, Dr. and Mrs. M. S. Ferguson and Dr. George L. Graham. Dr. P. D. Harwood 
and Dr. A. C. Jerstad, for their painstaking work in preparing and publishing the 
Index for the first twenty-five volumes of the Journal of Parasitology. 

(4) Election of Dr. Juan Bacigalupo, Buenos Aires, Argentina, as a Foreign 
Honorary Member of the Society. 

Upon motion the report was accepted and placed on file. 

2. The report of the Treasurer was presented by Dr. L. E. Rozeboom. The 
year's business was summarized as follows : 


Credits 

Received for 1941 $3963.85 

Anticipated for 1941 93.60 

$4057.45 

Debits 

Cost of Journal $3300.54 


Chm. Ed. Comm. $ 90.51 

Secretary ....... 187.39 

Treasurer ...... 390.39 

Miscellaneous ... 10.00 

678.42 

3978.96 

Balance from regular business $78.49 

In the estimate of receipts and expenditures for next year it was pointed out (1) that 
55 non-member subscribers in enemy and occupied territory would be lost from the 
subscription list for the Journal; (2) that the costs per page of publishing the 
Journal would increase approximately 10 per cent; (3) that Council, in order to 
avoid a deficit, had voted to reduce the estimated number of pages to be published in 
the Journal during 1942 from 600 to 540 pages. Upon motion, the report, certified 
as correct by the Auditing Committee, was accepted and placed on file. 

II. Reports of Committees 

1. The report of the status of the Secretarial Fund prepared by Dr. N. R. Stoll, 
Custodian, was read by Dr, L. E. Rozeboom. Upon motion, the report, certified as 
correct by the Auditing Committee, was accepted and placed on file. 

2. The report of the Editorial Committee prepared by Dr. N. R. Stoll, Chair- 
man, was presented by Dr. H. W. Stunkard. Attention was called to the publica- 
tion of the Index for Volumes 1-25 of the Journal in August, 1941, and all mem- 
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bers were urged to take the responsibility of seeing to it that their college and de- 
partmental libraries secure copies as soon as possible. The sale in 1942 of at least 
180 copies at $2.00 apiece is needed. The report noted that for regular articles the 
interval between “received for publication*’ and “date published” increased from an 
average of 6.5 months in 1940 to 10.7 months in 1941. Seventy-one articles and 
research notes are on hand (accepted or under consideration) and present acceptances 
are for the October number. It was also noted that beginning with the February, 
1942, issue, reprints of articles will cost an estimated 10 per cent more than the 
present rates. Upon motion, the report was accepted wdth a vote of thanks to the 
Editorial Committee. 

3. The report of the Committee for Cooperation with Biological Abstracts was 
given by Dr, George L. Graham, Chairman. A survey in April, 1941, showed that 
only 48 members of the Society were subscribers to one or more sections of Bio- 
logical Abstracts. It was pointed out that the former practice of giving complete 
taxonomic citations for parasitological articles has been restored, and that abstracts 
are now appearing more promptly than ever before. Dr. George W. Hunter, III, 
suggested that abstracts covering medical entomology might be included in Section 
C without added cost to subscribers. Upon motion, a resolution was voted that the 
Society go on record as favoring the inclusion of abstracts of articles on medical 
entomology in Section C of Biological Abstracts. 

4. A report of the Committee on the Terminology of Bird Malaria (copy ap- 
pended) was explained briefly by Dr. R. D. Manwell. Upon motion, the report was 
accepted for publication in the Journal. 

III. Reports of Representatives of the Society 

1. As representative on the Council of the iVmerican Association for the Ad- 
vancement of Science, Dr. W. A. Riley gave a brief report of the Council meeting 
on the preceding day. New York City will be the meeting place of the Association 
in December, 1942. 

IV. New Business 

The following amendment of the Constitution proposed at the sixteenth annual 
meeting in Philadelphia was adopted by unanimous vote : “The Council shall consist 
of the President, the Vice-president, the Secretary, the Treasurer, the Chairman of 
the Editorial Committee, and eight members elected by ballot from the Society at 
large.” (The phrase italicized represents the change adopted.) 

Following the recommendation of the Council it was voted that Dr. George R. 
LaRue be authorized to organize in the name of the Society a program of para- 
sitology at the summer meeting of the American Association for the Advancement 
of Science at Ann Arbor, Michigan, June 22-26, 1942, provided that no expense to 
the Society be incurred. 

Dr. T. C. Nelson suggested that as a means of raising money for the Society 
it might be possible for members to donate extra research slides and material for 
sale to those wanting to purchase parasitological specimens. The proposal was 
discussed briefly but no formal action was taken. 

The Secretary presented the Council nominations for officers of the Society for 
1942, as follows: President, Henry E, Meleney; Vice-president, Rudolph W. Glaser; 
Secretary, for two years, Oliver R. McCoy ; Members of the Council, for four years 
(to succeed E. C. Faust and H. J. Van Cleave), Raymond M. Cable and Willard H. 
Wright, for three years (to fill the unexpired term of N. R. Stoll), Gilbert F. Otto; 
Members of the Editorial Board, for four years (to succeed W. W. Cort, Benjamin 
Schwartz and D. H. Wenrich), W. W. Cort, Benjamin Schwartz and Harold 
Kirby, Jr.; Representatives on the Cowicil of the American Association for the Ad- 
vancement of Science, Asa C. Chandler and Harley J. Van Cleave; Representatives 
on the Council of the Union of American Biological Societies, George U. GrShzva 
and Arthur C. Walton. There were no further nominations and upon motion, duly 
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seconded, the Secretary was instructed to cast one ballot for the nominations as 
presented. 

Upon motion, a vote of thanks was extended to Dr. E. W. Laake, local repre- 
sentative of the Society in Dallas, for his services in making arrangements for the 
luncheon and the demonstration program. 

There being no further business, it was voted at 2; 10 PM to adjourn until the 
next annual meeting in New York City in December, 1942. 

Respectfully submitted, 

O. R. McCoy, Secretary 


CHANGES IN MEMBERSHIP OF THE AMERICAN SOCIETY 
OF PARASITOLOGISTS SINCE JUNE, 1941 

Nezv Memhers Elected 


Louis J. Adolphsea 
Robert M. Allen 
G. F. Aiiguston 
John L. Avery 
Gregory Bard 
Aileen E. Bonestell 
William F. Cantrell 
Jose C. M. Carvalho 
Frank H. Connell 
L. Reid Davis 
Willis H. Doetschman 
Wilbur G, Downs 
Hilton H. Earle 


George Piternick 
Irving Rappaport 
Nathan W. Riser 
Maurice M. Rothman 
Albert J. Samorodin 
Albert J. Singer 
Enrique G. Vogelsang 
Joseph J. Volk 
Robert E. Ware 
Albert J. Weathersbee 
J. Dan Webster 


Harold Elishewitz 
William G. French 
Jacob Frenkel 
Piero Gallo 
Frans G. Goble 
Theodore S. Hauschka 
Philip A. Hawkins 
Leon Jacobs 
John C. Johnson 
Edward K. Markell 
Harry Most 
Melvin Oosting 
Felise Pifano 


Resignations 

Rustum Maluf 
George C. Shattucl 


Winterton C. Curtis 
Anne Hager 


Richard P. Strong 
Zeferino Vaz 


Deaths 

Matthew E, Carroll, Jr. 


Donald Cameron 


Robert Hegiier 


SUPPLEMENT TO THE REPORT OF THE SEVENTEENTH 
ANNUAL MEETING OF THE AMERICAN SOCIETY 
OF PARASITOLOGISTS 


Report of the Committee on Terminology of Strains 
OF Avian Malaria 


Proposals for a Uniform Terminology of Strains of Avian Malaria 

A recognition of the growing need for some degree of standardization of the 
terminology of strains of avian malaria led to the appointment by President Wen- 
rich in November, 1940, of a committee to consider this problem. 

The need for some attempt at uniformity in terminology has become greater 
with: (1) the isolation of many strains of avian from wM^^ 

(2) the prevalent practice of the free exchange of such strains among laboratories 
and investigators, and (3) the discovery that the strains may change in one or more 
characteristics during laboratory study. Already there is some discrepancy in 
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designations given in publications to some of the strains by different investigators. 
It IS the belief of the committee that prompt action on the part of malariologists in 
adopting a satisfactory terminology will avoid much needless confusion in the future. 

The problems arising from the use of many strains of avian malaria and from 
their ability to change in character are greatly different from problems of zoological 
nomenclature. The former are more like those faced by bacteriologists in designat- 
ing type cultures and their variants. For this reason the committee has decided that 
they should avoid as much as possible questions involving zoological nomenclature. 

After studying a number of plans the committee has chosen the one which 
seemed to have the most to offer in convenience and accuracy. It is as follows : 

1. Designations will consist of combinations of numerals and letters, beginning 
with a numeral. 

2. The first portion of the designation, consisting of one or more numerals, cor- 
responds to the species of Plasmodium, The species for which there are now 
strains in use will be designated approximately chronologically, i.e,, P. relictum 
will be 1, P. vaughani will be 2, etc. The committee has no authority to change the 
specific identification given a strain by the investigator. Likewise, strain designa- 
tions will have no weight in matters of priority of specific names. The committee 
will follow the desires of the investigator in manners of zoological classification. 
One numeral (50) will be reserved for strains not yet identified or described. The 
designations will be changed when the necessary information becomes available. 

3. The letter, or letters, following the first numeral will indicate the original 
strain. Ordinarily this will apply to strains originating from natural infections of 
birds or the transmitting hosts. The letters which are already widely used will be 
preserved wherever possible, e.g., H, which has been used for Hartman’s strain of 
P, cafhemerimn, will be retained. The letters O and I will not be employed because 
of the chance of confusion with numerals. When more than one letter is used in a 
designation there is no implied relationship to strains bearing one of these letters 
singly, e.g., HA is not necessarily related to H. 

4. The numerals following the letters of the original strain designation (i.e., the 
second set of numerals) indicate sub-strains derived from originally isolated strains ; 
thus the gametocyteless strain of P. cathemerium discovered by Huff and Gambrell 
becomes 3D1. It is recommended that sub-strains be designated only (1) when they 
are actually observed to differ from their parent strains, or (2) when some treat- 

Table 1. -^Species designations 


ment is given the strain which is likely to result in change. Examples of the sec- 
ond type are the isolation of a cion, radical treatment by physical or chemical means, 
or passage through different hosts, 

5. In order not to make the designation too cumbersome, further subdivisions 
of strains when they need to be made will be indicated by numerals separated from 
the rest of the designation by a hyphen; thus if a strain is derived from 3H2-1 or 
3H2, which differs from its parent strain, it will be given a new terminal number, 


Species 

numeral 

Species name 

Autlior 

Date 

1 

relictum 

Grassi and Filetti 

1891 

2 

vaughani 

Novy and MacNeal 

1008 

3 

cathemerkini 

Hartman 

3927 

4 i 

rouxi 

Sergent, Sergent and Catanei 

1928 

5 1 

elongatmn 

Huff 

1930 

6 

circumjlexum 

Kikuth 

1931 

7 

polare 

Man well 

1934 

8 

gallinaceuni 

Brumpt 

1935 

9 

nucleophilum 

Manwell 

1935 

10 

hexamerium 

Huff 

1035 

11 1 

oti 

Wolfson 

1936 

12 

lophurae 

Coggeslmll 

1938 

13 I 

durae 

Herman 

1941 

50 

unidentified or undescribed species j 




Obtained by Giiigrieli in 1931 from Inst, t Scliiffs. u. Tropeiibyg. 
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e.g., 3H2-23 or whatever numeral is next available. In other words, the terminal 
portion of the designation (the portion following the hyphen) will not reflect obvi- 
ously the genealogy of the strain. The genealogy will need to be sought from pub- 
lished accounts or from the committee. 

The first series of designations are in Tables 1-3. The committee hopes to keep 
the list up to date by additions at such intervals as appear to be required. 

Since the value of this system of terminology depends in large degree upon the 
cooperation of all malariologists working on avian malaria, the committee hopes 
that henceforth investigators when publishing the results of research will refer to 


Table 3. — Suh-strains of P. cathemerium 


Desig- 

nation 

Names in current 
usage 

Derivation 

Reference 

:\m 

Cion or “N” strain 

Through single cell isolation by 
Stauber, at University of Chicago, 
1933 

J. Parasitol. 25 : 
95 (1939) 

tm2 

Mosquito passage 

Obtained from University of Chi- 
cago in March, 1938, since trans- 
ferred exclusively by mosquito bite 
by Beckman, Marquette Medical 
School 

Am. J. Trop. Med. 
21 : 795 (1941) 


Hartman-Hewitt ; 
Plienylhydrazine 

Virulence seemingly modified through 
treatment with phenylhydrazine by 
Hewitt at Johns Hopkins Univer- 
sity 

Am. J. Hyg. 29C : 
135 (1939) 

3H1--1 


Stauber’s cion passed through 24 
blood passages, then transmitted 
by Oulew pipiens by Huff at Uni- 
versity of Chicago, Oct, 1937 

J. Infect. Dis. 68 : 
184 (1941) 

3H1-2 

“P” . ' 

Stauber’s cion passed through 30 
blood passages, then transmitted 
by Culex pipiens by Huff at Uni- 
versity of Chicago, Jan. 1939. 
Ability to produce normal num- 
bers of gametocytes restored 

J. Infect. Dis. 68 : 
184 (1941) 

3D1 

Atypical ; “F” ; 
agametocyte 
.strain 

Gametocytes lost during rapid blood 
passage. Sept. 1932. Huff and 
Gambrell, University of Chicago. 
Periodicity disturbed ; merozoite 
number decreased 

Am. J. Hyg. 19 : 
404(1934) 

3M1 

None 

Derived from small numbers of pai’a- 
sites in attempt to isolate cions. 
Less pathogenic for canaries than 
parent strain 

Nnne 

3M2 

None 

Derived from small numbers of para- 
sites in attempt to isolate cions. 
Less pathogenic for canaries than 
parent strain. 

None 


the strains used by the designations given by the committee. It is further urged 
that before publishing results of work on new strains or sub-strains investigators 
secure designations from the committee for such strains and incorporate them in 
their publications. It should be emphasized that the species name should be given in 
addition to the strain designation, e.g., ‘^strain 3D1 of P. cathemerium P 
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THE HELMINTHS OF RACCOONS IN EAST TEXAS 


Asa C. Chandler 

Biological Laboratory, Rice Institute, Houston, Texas 

Through the kind cooperation of Mr. Rolliii H. Baker, Field Biolo- 
gist of the Texas Game, Fish and Oyster Commission, 13 raccoons 
(Procyon lotor lot or) from Angelina County, in East Texas, were made 
available for parasitological examination. Nine of the specimens were 
trapped during early December ; the other four were obtained in May and 
September. All of the raccoons were heavily parasitized, containing 
from four to eight species of worms. One animal was estimated to con- 
tain about 50,000 Pharyngostomoides procyonis, one large Mcsocestoides 
and several immature ones, a dozen hookworms, a few MoUneus and 
several spiny-headed worms in the intestine; eight gnathostomes in the 
stomach ; several hundred Euryfrema in the pancreas ; and several guinea 
worms in each hind foot. Two kinds of parasites, gnathostomes and 
guinea w^orms, were markedly seasonal, being abundant in winter but 
not at other times. 

Of 12 species of helminths found, 7 are new species. Notes on each 
of the species encountered and descriptions of the new species follow'. 

Pharyngostomoides procyonis Harkema, 1942 

This fluke, recently described by Harkema (1942) from raccoons in 
North Carolina, w'as found in every one of the raccoons examined. Some 
hosts harbored only a few dozen worms, whereas others harbored tens 
of thousands ; one case was estimated to hai'bor 50,000 of these flukes. 

Like many Diplostomidae this species is extremely variable in shape 
and size. The size is undoubtedly in part a matter of age: eggs may 
begin to be produced wdien the wmrms are less than 0.5 mm in length, 
although at this time the vitellaria ai'e still incompletely developed. It 
is also possible that the number of. flukes harbored and the presence of 
prior infections may influence the size of the worms. 

Fibrlcola texensis Chandler, 1942 

This new species of Fibricola is being described elsewhere, along with 
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a complete account of its life cycle. It was foiuid in 6 of the 13 raccoons 
but never in as large numbers as the Pharyngostouioides procyonis which 
always accompanied it. Its parthenitae develop in Physa anatina and its 
diplostomiila in tadpoles. 

Eiirytrema pi^ocyonis JOrnton, 1942 

This new species of Eurytrema is being described elsewhere (Denton, 
1942), along with a partial account of its life cycle. It was found in the 
pancreas of 7 of the 13 raccoons examined, usually in large numbers. 
One host contained over 1000 specimens, and two others contained over 
SOO each. The parthenitae of this fluke develop in the land smilpMeso- 
don thyroid us^ but the second intermediate host, which is probably re- 
quired, has not been determined. 

Mesocestoides variabilis Mueller, 1928 

Adult specimens corresponding with Mueller’s description of this 
worm were obtained from two raccoons, and immature ones^ still in the 
tetrathyridium stage, from three others. Tlie}^ are discussed in more 
detail elsewhere (Chandler, 1942b). Some specimens obtained from a 
dog and from a raccoon in Nebraska, reported by Coatney (1936), have 
been examined b}^ the writer, and are believed to belong to this same 
species. Numerous immature specimens of a Mesocestoides were also 
repoited by Morgan and Waller (1940) from a raccoon in Iowa, but it 
was not possible to determine the species. 

Since the raccoon specimens are intermediate in size between Muel- 
ler’s typical variabilis from Spilogale and Urocyon and his variety maior 
from Mephitis, there no longer seems to be justification for distinguish- 
ing these varieties. 

Oochoristica procyonis n. sp. 

(Plate I, Figs. 1-3) 

Description : Strobila 8 to 23 mm long, consisting of about 45 to 70 proglottids ; 
maximum width 0.9 to 1.6 mm. Scolex 300 to 375 j.i across and about 150 to 200 p 
long, usually demarcated from neck, which is wider, by slight constriction. In con- 
tracted specimens suckers partly withdrawn into pocket-like depressions, and anterior 
portion of scolex retracted to give the appearance of a rostellum, as Baer (1935) 
figured for <9. incisa. Suckers small, 90 to 100 }.i in diameter, in dorsal and ventral 
pairs facing antero-dorsad and antero-ventrad ; members of each pair only 23 to 32 u 
apart. Neck very short, segmentation evidenced by lateral serration within 100 to 
200 p of scolex. Margins of worm serrate entire length. Segments broader than 
long except near end of strobila in contracted specimens, but mature segments about 
square and terminal segments several times as long as broad in relaxed specimens. 
Mature segments 0.28 to 0.7 mm long and 0.7 to 1.05 mm wide; terminal ripe seg- 
ments 1 to 2.3 mm long and 0.9 to 1.6 mm broad. Genital atrium about 70 to 90 m- 
deep, commonly closed by a pair of lips and with a small ante-chamber into which 
the sperm duct opens, connected with the atrium by a minute curved duct (Fig. 1). 
Genital pores irregularly alternating, i to r length of proglottid from anterior border. 
Only two pairs of excretory tubes seen, the ventral ones very thin walled and about 
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twice diameter of dorsal ones, which pursue a wavy course; transverse tubes not 
seen. Genital ducts pass dorsal to excretory canals. 

Testes 48 to 63, round or transversely flattened according to state of contraction 
of segment, measuring 30 by 40 p to 50 by 70 p; situated between excretory vessels, 
mostly posterior and lateral to female glands, a few anterior-lateral or occasionally 
anterior, almost as numerous on poral as aporal side, and for most part in single 
dorsal layer. Cirrus pouch 110 to 130 p long and 40 to 45 p wide, entering genital 
atrium indirectly through ante-chamber; inner end of cirrus pouch 200 to 220 p from 
margin of proglottid, extending far beyond excretory canals. V as deferens much 
coiled anterior to ovary on poral side. 

Ovary large, much branched, roughly reniform, in anterior median portion of 
segment, occupying about half width of segment; maximum breadth in mature seg- 
ments to 375 to 530 p. Vitelline gland also consisting of clusters of lobes, tending to 
become somewhat confluent in older segments; maximum size 175 to 195 p broad 
and 115 to 175 p long. Vagina, opening into genital atrium from behind, nearer 
margin than cirrus, follows contour of cirrus for about half its length, then pursues 
its course to ootype in smooth curve dorsal to ovary. Seminal receptacle forms as 
enlargement of vagina dorsal to ovary and not far from ootype; it measures 60 to 
80 p long and 30 to 35 p wide in mature segments, but increases to about 130 by 65 p 
in post-mature segments. Mehlis’ gland spherical, situated medially between ovary 
and vitelline gland, anterior to center of segment. Uterus rapidly spreads out over 
entire segment; ovary and vitelline glands quickly disappear, but testes, cirrus pouch, 
vagina and seminal receptacle persist almost to end. Onchospheres (in mounted seg- 
ments) about 25 to 28 by 30 to 34 p, with hooks 13 p long. 

Flosts: Procyon lotor lotor. 

Location: Small intestine. 

Lnca/zVy; Angelina County, Texas. 

Type specimen: U. S. Nat Mus. Helm. Coll. No. 44942; Parat.ypes, No. 44943. 

Leigh (1940) obtained 75 specimens of an Oochoristica from one 
six raccoons in Iliinois, but was unable to make a specific determination 
because of the immaturity of the worms. Three other species of Oochor- 
istica have been reported from carnivores in the Western Hemisphere: 
0. mephitis Skinker, 1935, from Mephitis \n Georgia; 0. oklahomensis 
Peery, 1939, from Spilogale in Oklahoma; and 0. sandgroundi (Atrio- 
taenia Sandground, 1926) Baer, 1935, from Nasna in Brazil. 0. 
procyonis differs markedly from the two skunk species in the size and 
shape of the cirrus pouch, and in having irregularly alternating 
pores. It most nearly resembles 0. sandgroundi but is a larger worm, 
differing in having a much smaller scolex, smaller suckers, and longer 
cirrus pouch. Among other mammalian forms it most nearly resembles 
mwarez" in most respects, but differs in having a broader scolex, smaller 
suckers, genital ducts dorsal to excretory canals, presence of a seminal 
receptacle, and more numerous testes. 

Only one raccoon harbored this worm, but in this animal several dozen 
specimens were present. 

Macracanthorhynchiis ingens {^^. LAnsL lS79) Meyer, 1933 

This acanthocephalan was found in 11 of the 13 raccoons, in numbers 
from 1 to about 80 per host. An account of the life cycle of this worm, 
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which involves a white grub as an intermediate host, is to be reported 
elsewhere by Donald V. Moore. 

Arthrocephalus lotoris (Schwarz, 1925) n. comb. 

This hookworm was found, in moderate numbers, in all of the rac- 
coons examined. It appears to be widely distributed in raccoons in the 
United States as Price (1928) surmised when he found it in a civet, 
Bassariscus astutus flazms in Texas, far from Maryland, where Schwartz 
first found it in raccoons. In addition to the Maryland and Texas rec- 
ords it is almost certain that the hookworms found by Leigh (1940) in 
two of six raccoons in Illinois were representatives of the same species. 
Leigh designated his worms '‘Arthrocephalus sp.,” and called attention 
to their similarity to Vaz’s (1935) A, maxlUaris except in certain charac- 
ters of the buccal capsule. 

Schwartz (1925) described this hookworm from a raccoon in Mary- 
land under the name Unciuaria lotoris, Ortlepp (1925), earlier in the 
• same year, erected a new genus Arthrocephalus for a new species of hook- 
worm, A. gambicnsis, from an African mongoose. The most striking 
characteristic of this genus is the presence of sutures which divide the 
buccal capsule into a number of articulated cuticular plates. Schwartz' 
U ncinaria lotoris possesses these sutures and has an arrangement of plates 
so similar to those of the type species of the genus that there can be no 
question that the two are cogeneric. There are, however, some charac- 
ters in which these two worms do not agree, thus necessitating an emenda- 
tion of the genus. Ortlepp included as characters of the genus, besides 
the completely aiticulated buccal capsule, the absence of buccal lancets, 
the presence of a well developed dorsal cone, and the longitudinal arrange- 
ment, without transverse coils, of the loops of the female genitalia. In 
none of these characters does A, lotoris agree with A, gainbiensis, for the 
former species possesses a pair of obtuse ventral lancets, lacks a dorsal 
cone, and has transverse coils in the female genitalia. In all these re- 
spects it more nearly resembles members of the genus U ncinaria , in which 
Schwartz placed it, but in the writer's opinion the articulated character 
of the buccal capsule, shared by these two species, is sufficient reason for 
retaining Ortlepp ^s genus. The absence of ventral lancets, presence of a 
dorsal cone, and longitudinal arrangement of female genital organs should 
be dropped from the characterization of the genus. 

It is possible that hookwonns from Procyon cancrivoms in Brazil 
described by Vaz (1935) under the name Arthrocephalus maxillaris 
(Molin, 1860) are identical with A. lotoris, but Vaz's description and 
figures of the buccal capsule do not exactly correspond to the condition 
in A. lotoris. Vaz specifically states that no ventral lancets are present, 
though they are unmistakably present in lotoris. Although Vaz at- 
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tempted to identify his species with one of two briefly described by Molin 
in 1860 from the same host and locality, Molin’s descriptions are so in- 
complete that, as Schwartz pointed out, they are unrecognizable. If 
Vaz's form from Procyon canctivorus should prove to be identical with 
the North American form, his name maxillaris should be considered a 
synonym of lotoris, 

Molineiis harbatus n, sp. 

(Plate I, Figs. 4-6) 

Description: Extremel}" delicate red worms with finely striated cuticle and with 
24 to 28 longitudinal ridges. Cephalic extremity with a coarsely striated cuticular 
enlargement 50-55 .u long, not greatly inflated. Diameter of head 25 to 29 p. An- 
nular sulcus at level of excretory pore well marked, 190 to 200 p, from anterior end. 
Cervical papillae not observed. Nerve ring just anterior to excretory pore. Esopha- 
gus clavate, 360 jLi long in males, 420 to 480 m. long in females, wdth maximum diam- 
eter of 35 to 40 g. 

Females 5.5 to 6.6 mm long; maximum diameter 68 to 74 p.. Vulva salient, 
0.9 to 1 mm from posterior end, dividing body about 5:1. Anterior ovejector about 
0.9 mm long, containing 9 to 12 eggs; posterior one about 0.7 mm long containing 
6 to 9 eggs. Eggs elliptical, 50 to 53 p, by 32 to 37 m- Anus 56 to 61 p. from pos- 
terior end; tail bluntly trilobed at tipj 15 p broad, the middle lobe bearing a very 
slender spine 13 to 18 p long. 

Males 4.3 to 4.7 mm long with maximum diameter of 60 to 64 p. Bursa with 
large lateral lobes and medium-sized, clearly-demarcated dorsal lobe. Inner surface 
of lateral lobes between lateral and ventral rays studded with numerous well-deflned; 
spines, thinning out ventral to ventral rays. Ventral rays coarser than lateral, 
diverging only at tips, and reaching margin of bursa. Antero-lateral ray shorter, 
diverging from other lateral rays but remaining much nearer to them than to ven- 
trals. Medio-lateral and postero-lateral rays contiguous, long and slender, reaching 
margin of bursa. Externo-dorsals thicker than any other rays, curving away from 
dorsal to become almost contiguous with lateral rays. Dorsal bifurcated distally, 
each branch again bifurcated, the inner of the terminal branches ending in two 
prongs, the other one single, thus giving appearance of three short prongs at end 
of each primary bifurcation. Spicules equal, 90 to 100 p long, with a conspicuous 
medially-directed barb anteriorly, and ending in two pointed processes, outer one of 
which may represent two closely applied processes; inner process smaller and shorter 
than outer one. Gubernaculum slender, 50 to 55 p long and only 7 p wide. 

Host: Procyon lotor lotor. 

Location: Small intestine. 

Locality: AngAmdi County, Texas. 

Cotypes ( ^ and $ ) : U. S. Nat. Mus. Helm. Coll. No. 44930. 

This species is the second of its genus to be reported from North 
America. Skinker, 1932, reported ikf. patens, of Old World Muste- 
LiDAE, from Canis lestes in Washington and from a mink in Mississippi. 
Sprehn (1932), however, described another species, M. amerkaniis, from 
an American mink in Europe. Cameron (1936) obtained a single de- 
composed female Molineiis from Procyon cancrivorus in Trinidad, but 
suspected that it belonged to the species M, harharis, which he found in 
Tayra barbarus in Trinidad. The species here described is relatively 
more slender than any heretofore reported. It is much smaller than PL 
americaniis, with spicules only half as long, and shaped differently. It 


I 


I ; 


IS. 



260 


THE JOURNAL OF PARASITOLOGY 

is also iiittch smaller than M. pafens and has niiich smaller and more 
slender spicules. The form of the spicules, arrangement of the dorsal 
rays, and large number of longitudinal ciiticiilar ridges are sufficient to 
distinguish it from any other species so far described. 'This worm was 
obtained in small numbers from 4 of the 13 raccoons examined. 

Syiihhnantus longigiitturata n. sp. 

(Plate I, Figs. 7-8) 

Description: Female 3.54 mm long, with maximum diameter of 65 p. ; diameter 
at origin of esophagus 35 jx. Two prominent lips about 8 long and 7 p. wide dorso- 
ventrally. Bottom of dorso-lateral and ventro-lateral loops of cephalic cordons 65 p 
from anterior end; top of recurrent lateral loops 38 p from anterior end. Excretory- 
pore 230 p from anterior end. Pharynx extending far posterior to end of cordons, 
to 145 p -from anterior end. Esophagus 265 p long, in two parts ; anterior glandular 
part 155 p long. Vulva 1.5 mm from posterior end, dividing body about 4: 3. Anus 
96 p from posterior end. Tail has bluntly rounded end, 9p in diameter. Eggs in 
oviducts about 40 by 24 p. Male unknown. 

Host: Procyon lotor lotor.' 

Location: Small intestine. 

Locality: Angelina Countj^ Texas. 

Type specimen: U. S. Nat. Mus. Plelni. Coll. No. 44928. 

Since all known members of this and related genera of the family 
Aguariidae are parasites of the anterior portion -of the alimentary canal 
of ])irds, it is probable that the single female worm found in a raccoon 
had been ingested with a bird host. Tlie finding is of interest, how^ever, 
since there is only one previous record of a member of this genus in North 
America {''Dispharagus egrettae Rud. 1819’' of MacGallum, 1921, 
= SynhimanHis invaginata von Linst. 1901 ; vide Vigueras, 1936). The 
worm differs from all previously described species of the genus in its 
minute size and in the relatively extreme length of the buccal vestibule, 
which is nearly half the length of the esophagus and extends far beyond 
the posterior extremities of the cordon loops. 

Gnathostoma procyonis n. sp. 

(Plate II, Figs. 12-15) 

Description: Large stout worms, tapering only slightly at the ends. Head bulb 
with 9 or 10 rows of spines, 90 to 100 spines in each row, set about 22 p apart; pro- 
truding portions of hooks about 15 p long. Body clothed with scales for approxi- 
mately half its length, the scales then running together to form serrated ridges or 
striations around body. Posterior portion of body marked by coarse transverse 
wrinkles independent of the serrated striations, 50 to 100 p apart, giving cuticle in 
this region a corrugated appearance. Cuticle in posterior portion of body also 
markedly inflated, giving body an irregular bloated appearance. Scales very large, 
with only three, occasionally four, principal points, but usually with one or several 
minor points or serrations. Immediately behind head bulb bases of scales about 20 p 
broad, set about 50 p apart, and having short blades (Fig. 13a). After first few 
rows bases of scales become somewhat smaller, about 15 p broad, set about 25 to 
28 p apart, the blades becoming longer and broadening out, assuming shape of an 
elongated maple leaf (Figs. 13b and c). Most of scales have a long middle point 
and two shorter lateral points, usually with one or more minor serrations. Occa- 
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I sionaliy one of minor serrations becomes larg-e enough to make scale 4-ixjint(‘d 

I instead of o-pointed. Throughout most of scaled area scales about 20 n apart. 

Scales reach a maximum length of 80 to 85 with width of 20 to 25 fi. Near middle 
of body a rather sudden transition from row^s of sei)arate scales to serrated ridges ; 
scales first have their points reduced to short terminal prongs, then become shortened, 

■ and finally become fused at base into continuous serrated ridges (Figs. 13e and f). 

Esophagus club-shaped, about onc-fifth length of body. Cervical sacs 1,6 to 1.85 mm 
long, measured from posterior border of head bulb. 

Female, 20 to 26 mm long, with a maximum diameter, where cuticle is not in- 
flated, of about 1.1 to 1.2 mm, but where inflated in posterior portion of body may 
reach 1.5 to 1.6 mm. Head bulb about 700 to 800 broad and 350 to 370 u long. 
Esophagus 4.2 to 4.3 mm long. Vulva 8.25 to 8.5 mm from posterior end, dividing 
I body 2 : 1 or 3 : 2. Ovejector (Fig. 14), provided with three nearly spherical glands 

■’ near its exit, turns forward in body, remaining narrow (240 p in diameter) with 

1 thick muscular walls for a distance of about 2.8 mm. Flere it widens out into a thin 

! walled tube filled with eggs, 560 ii in diameter. It continues forward, narrowing to 

' about 200 Li, and bending backward about 8 to 9 mm anterior to vulva. In some 

specimens it bifurcates into tw'O posteriorly directed uteri just behind the turn, in 
others 2 or 3 mm behind this point. Anus about 280 p from posterior end, which is 
bluntly rounded and provided with usual three papillae, the lateral ones of wdiich, as 
seen in ventral view, are much broader than the median one (Fig. 12a). Extreme 
width across lateral papillae about 210 p. 

Male, 16 to 19 mm long, with a maximum diameter of about 800 p where cuticle 
is not inflated, but expanding to 1.15 mm where inflated in posterior half of body. 
Head bulb 650 to 700 p broad and 280 to 325 p long. Esophagus 3.4 to 3.5 mm long. 
Anus 360 to 380 p from posterior end, the bursa-like expansion about 850 to 900 p in 
diameter. The four pairs of large lateral papillae lie close together (Fig. 15), the 
posterior pair slightly shorter but not more slender than the others, and not markedly 
separated from them. Under surface of bursa with fine spines, only slightly larger 
than those on posterior body striae, only on portion anterior to papillae ; rest of bursa 
unspined. No ventral papillae seen. Left spicule short, 550 to 720 p long, about 35 p 
broad at the base, 25 p broad in its basal half, then abruptly narrowed to about 12 p 
in distal portion. Long right spicule very variable in length, 1.8 to 2.95 mm, 85 p 
broad at its base, 55 p broad in its proximal portion, narrowing to about 26 p distal ly. 

Host: Procyon lofor lotor. 

Location: Stomach, 

Locality: Angelina County, Texas. 

Cotype specimens: U. S. Nat. Mus. Helm. Coll. No. 4493L 

This species resembles G, spinigerimi more closely than it does G. 
didelphis. It is smaller than didelphis and differs in the size and shape 
of the body spines ; in the manner of termination of the spines, which in 
procyonis, as in didelphis, goes over to serrated ridges, while in spin- 
j igeruin the spines become small but remain separate and distinct ; in the 

I inflation of the cuticle ; in the size and shape of the papillae at the posterior 

end of the body of the female; in the shape and relative lengths of the 
■ spicules; in the lack of spination of the bursa; and in the even spacing 
of the lateral caudal papillae of the male. It differs from spinigerum in 
the shape of the body scales ; in the transition to serrated ridges instead 
of separate, widely-spaced spines; in the shape of the papillae at the 
posterior end of the body of the female ; in the lack of spination of the 
f bursa; and in the shape and relative size of the most posterior lateral 

papillae of the male. 
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This worm was found in the stomachs of all 9 of the I'accoons exam- 
ined in December, in numbers from 1 to 58 per host. In one raccoon 
examined in May a single adult was found in the stomach, although there 
were scars where others had been. In 3 animals examined in September 
no gnathostomes were found. It seems evident that this species is of 
markedly seasonal occurrence. When present in numbers these are un- 
doubtedly the most harmful parasites harbored by raccoons. The stom- 
ach w’all in a few specimens was veritably riddled by them. 

In the raccoon examined in May a larval female gnathostome was 
found encysted in the skin. It resembles those described by the writer 
(1925) from the liver of cats experimentally infected with cysts of G. 
spinigerum from snakes. It is 6.5 mm long and 500 p in diameter, with 
the four rows of spines on the head bulb characteristic of fourth-stage 
gnathostome larvae. The spiny annulations of the body fade out at or 
slightly before the middle of the body (at the junction of the second and 
last thirds in spinigerum larvae), and the vulva is situated 72% of the 
body length from the anterior end (60-'65% in spinigerum larvae). 
Whether this represents an aberrant larva of G. procyonis^ or of G, dideP 
phis in a foreign host, cannot be determined until larvae of both these 
species have been found and compared. 

Dirofilaria tennis n. sp. 

(Plate I, Figs. 9-11) 

Description: Females (males unknown) slender worms 8.5 to 9.6 cm long, with 
maximum diameter of 310 to 330 p.. Caudal end bent dorsad. Cuticle rather conspicu- 
ously marked by transverse striations about 5 p apart, and longitudinal ridges, more 
or less broken and branched (Fig. 10), about 10 ju apart. Esophagus 1.12 to 1.4 mm 
long, and 50 p in diameter. Nerve ring 275 to 300 p- from anterior end. Cervical 
papillae small, about 430 p, from anterior end. Vulva almost immediately behind end 
of esophagus, 1.23 to 1.5 mm from anterior end. Vagina directed posteriorly, 4.5 to 
5 mrn long, then dividing into two opisthodelphous uteri. Anus difficult to see, 125 
to 165 p. from posterior end. Tail bluntly rounded; diameter at anus 117-130 p. 
Microfilariae in blood 220 to 250 p long and 4 to 5 p in diameter, with finely striated 
cuticle. Anterior end bluntly rounded, first 9 to 10 p without nuclei. Tail very 
finely drawn out. Nerve ring 20 to 24% of length from anterior end; excretory pore 
35%; genital cell 60%; anal break 80% ; last nucleus 90%. 

Host: Procyon htor lofor. 

jLocahow.* Subcutaneous tissue of belly and flanks. 

Locality: Angelina County, Texas. 

Type specimen: U. S. Nat. Mus. Helm. Coll, No. 44929; paratype (micro- 
filariae) No. 44940. 

This Dirofilaria, belonging to the skin-inhabiting division of its genus 
for which Faust (1937) erected the subgenus Nochtiella, differs from 
others of this group in its slenderness, the distance of the anus from the 
posterior end, and the cuticular markings. 

Several other forms of subcutaneous Dirofilaria have been reported 
from North America. D. scapiceps from rabbits is a relatively short, 
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stout worm with short spicules. Three species {spinosa, subcutanea, and 
repens) were reported from porcupines by Canavan (1921, 1923), but 
Lent and Freitas (1937) consider these all alike; they are all larger and 
stouter worms than D, tenuis. Chitwood (1933b) examined worms 
from a Canadian lynx which he referred to the species acutiuscula, ex- 
pressing the opinion, without giving reasons, that repens is identical with 
acuHusadaj and therefore a synonym. Some parasitologists (Faust, 
1937; Lent and Freitas, 1937) have not been willing to accept Chitwood’s 
dictum. The members of this genus are notoriously variable in size and 
proportions and in details of spicules and male caudal papillae, so dififer- 
entiation of species is difficult. Either most of the species must be 
merged for lack of clear-cut morphological characters which do not over- 
lap, or one must provisionally accept forms from different types of hosts 
as specifically distinct until more is known about their variations and 
biology. It is improbable that acufiiisciila, found in the stomach walls of 
peccaries in South America, is identical with repens, found subcutaneously 
in dogs in Europe, especially wdien only a single case has been recorded 
of a subcutaneous Dirofilaria in South American dogs. 

The cuticular markings of most species of Dirofilaria have not been 
carefully described. Fiilleborn (1908) gave a figure of the cuticle of 
repens showing very fine longitudinal striations in addition to the trans- 
verse ones. Lent and Freitas (1937) stated that £>. has about 

70 longitudinal ridges which, according to their figure, are 16 to 24 p 
apart. In tenuis there are about 90 ridges, conspicuously broken and 
branched, and spaced only about 10 p apart. D. immitis shows no longi- 
tudinal ridges at all, and much less conspicuous transverse ridges. The 
fact that in the descriptions of other species of Dirofilaria the longitudinal 
ridges are not mentioned suggests that they must be much less conspicu- 
ous than in tenuis. It is possible that these markings may provide relia- 
ble specific characters in this genus. 

Only one of the raccoons examined yielded specimens of this worm, 
and none of the others contained microfilariae in the blood. Only three 
female specimens were found, coiled in the subcutaneous tissue of the 
belly and flanks. A careful search for males was fruitless. 

Dracunculus insignis (Leidy, 18S8) n. comb. 

A guinea worm very closely resembling the species attacking man in 
the Old World, Dracuncuhis medinensis, except in size, was found in 6 
of the 9 raccoons examined in December, but not in any of 6 (2 not autop- 
sied) examined in May and September. In one case living worms were 
found in both front and hind feet, and in one case there were dead calcified 
w^orms in a front foot and living ones in the hind feet, but in all the other 
cases the worms were found only in the subcutaneous tissue of one or 


ii i 

i: i‘ 




I , 

V v 

f ' '' S' 




264 . THE JOURNAL OF PARASITOLOGY 


both hind feet, much twisted and coiled, and occupying little space for 
their size. The worms varied from 7.6 to 28 cm in length, with a diame- 
ter of 0.84 to 1.08 mm. Specimens with embryos were 20 to 28 cm long. 
In only one of the nine raccoons examined in the first half of December 
had an ulcer formed for the escape of the embryos. Trappers in East 
Texas say that such ulcers are frequently seen in January and February. 

This is the first time that guinea worms have been found with regu- 
larity in any host in the United States, although a number of sporadic 
reports are available (Benbrook^ 1932, in a fox in Iowa; Chitwood, 1933a, 
ill raccoons in Ontario and New York and mink in Nebraska; and Ben- 
brook, 1940, in a dog and mink in Iowa). Chitwood called attention to 
the probability that Leidy’s (1858) Filaria insignis from a raccoon was 
also a guinea worm. Unfortunately Leidy^s specimen appears now to 
be missing, but there seems little i*easonable doubt that Leidy w-as describ- 
ing the same worm that is here reported and that his name is acceptable 
for the species providing it is not identical wdth D. niedinensis. 

Chitwood was of the opinion that the worms from American wild 
carnivores are specifically identical with Dracunculus medinensis in spite 
of their much smaller size. The writer, however, is of the opinion that 
the cephalic structures of the North American worm do not correspond 
exactly with those of D. medinensis as described and figured by Moorthy, 
though they closely resemble those figured by Travassos (1934) for D. 
fueUehorni from an opossum in South America. Good specific characters 
are notably few in the females of this genus, and the writer, on epidemio- 
logical grounds, considers it very doubtful that msignis and medinensis 
are identical. It is hoped that in another season the males can be ob- 
tained from experimental infections in dogs and that these may provide 
definite means of identification. A fuller account of these guinea worms, 
with a report of a possible human case, and a discussion of the epidemio- 
logical grounds for considering them distinct from D, medinensis, are 
beingpublished elsewhere (Chandler, 1942c). 

SUMMARY 

An examination of 13 raccoons from East Texas revealed the follow- 
ing parasites in the incidences given: Pharyngostomoides procyonis, 13 
cases; Fibricola texe^tsis^ 6 cases; Enrytrema procyonis, 7 cases; Meso- 
cestoidcs variahilis, adults, 2 cases, tetrathyridea, 3 cases; Oochoristica 
procyonis n. sp., 1 case; Macracanthorhynchus ingens, 11 cases; Artliro- 
cephalns lotoris, 13 cases; Molineiis barbatus n. sp., 5 cases; Synhi- 
mantiis longigntturata n. sp. (probably pseudopar aside), 1 specimen; 
Gnathostorna procyonis n. sp., 11 cases; Dir o filaria tennis n. sp., 1 case; 
Dracunculus insigjiis, 6 cases. Each raccoon harbored from 4 to 8 species 
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of helminths. Pharyngostomoides procyonis was the most abundant 
parasite, 
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Explanation of Plates 
Plate I, p. 267 

Fig. 1. Oochoristica procyonis. Genital atrium and cirrus pouch region ; note 
lips guarding atrium, small ante-chamber into which cirrus pouch opens, and topo- 
graphic relations of male and female openings. 

Fig. 2, 0, procyonis. Scolex in partially retracted state. 

Fig. 3. 0. procyonis. Mature proglottid. 

Fig. 4. Molineus barbatus. Anterior end. 

Fig. 5. Molineiis barhatus. Spicules and gubernaculum. 

Fig. 6. Molineus barbatus. Posterior end of male. 

Fig. 7. Synhimantus longigutturata. Head, lateral view; Fig. 8. Same, dorsal 
view. 

Fig. 9. Dirofilaria ienuis. Anterior end of female. 

Fig. 10. Dirofilaria tennis. A region near middle of body showing longitudinal 
cuticular markings. 

Fig. 11. Dirofilaria tenuis. Posterior end of female. 
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THREE NEW SPECIES OF PHYLLODISTOMUM (TREMx\~ 
TODA: CxORGODERIDAE) FROM MICHIGAN FISHESV 

Jacob H. Fischthal 

Examination of the fishes of Honey Creek near Ann Arbor, Michigan, 
during the spring of 1941 for treniatodes of the genus P hyll odist omum 
Braun, 1899, revealed the presence of three new species occurring in the 
ureters and urinary bladders of the northern creek chub, Semotihis atro- 
macidatus atromcicidaUis (Mitchill), the Mississippi Valley common 
shiner, Nofropis corirutiis ckiysoceph^ (Rafinesque), and the horny- 
headed chub, Nocomis bigiittatus (Kirtland). These are described as 
follows : 

P hyll odist omum semotili n. sp. 

(Fig. 1) 

bescription: Phyllodistonmm. Body small, spatulate, consisting of a circular, 
discoidal posterior portion set off at middle of acetabulum from a narrower, tapering 
anterior portion. Cuticiila spineless, bearing sensory papillae on suckers and on 
surfaces and margins of body. Posterior end of body slightly notched. Oral sucker 
subterminal, smaller than acetabulum ; diameter of oral sucker to acetabulum as 1 : l.S. 
Alouth subterminal, ventral; esophagus weakly muscular, slender, narrow; intes- 
tinal crura inflated, extending nearly to posterior end of body. Vitellaria oval, 
smooth, near and postero-lateral to acetabulum. Vitelline ducts joined mesially; 
common vitelline duct short, slightly swollen. 

Ovary compact, smaller than either testis, slightly and irregularly lobate, usually 
in contact with vitellarium, amphitypic. Oviduct short, arising from dorsum of 
ovary, passing antero-mesially to ootype. Mehlis’ gland weakly developed, cells 
small. Laurer’s canal arising from oviduct just before ootype and passing antero- 
laterally to opening on dorsal surface. Uterus fairly extensive, coils intra- and 
extracecal, extending to margins of body posterior to vitellaria; uterus ascending 
dorsal to acetabulum, constricting to weakly muscular metraterm ; latter ventral to 
seminal vesicle ; genital atrium small. Eggs fairly numerous ; older intrauterine 
eggs containing fully developed miracidia; latter possessing two flame cells; hatch- 
ing occurring as soon as eggs enter water. 

Testes oblique, fairly close together, irregularly lobate, indentations deeper and 
lobes more numerous than in ovary. Anterior testis usually in contact with vitel- 
larium and opposite or slightly oblique to ovary. Posterior testis directly behind but 
never in contact with ovary. Vasa efferentia arising from dorsum of testes, passing 
forward dorsal to acetabulum to their junction slightly anterior to acetabulum; vas 
deferens short; seminal vesicle large; ejaculatory duct short. Genital pore mid- 
ventral, immediately posterior to intestinal bifurcation. Excretory pore postero- 
dorsal; bladder a slender, median tube extending anteriorly to level of ovary where 
right and left primary collecting ducts enter; latter extending anteriorly to intes- 
tinal bifurcation, then looping posteriorly a short distance each receiving two sec- 
ondary collecting ducts. 

Average measurements in millimeters (with maximum lengths and widths) of 

Received for publication, September 8, 1941. 
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10 specimens fixed in Bouin^s fluid, stained in Mayer^s paracarmine and mounted in 
clarite Xr^ Body, length 1.481 (1.275-1.620), width at intestinal bifurcation 0.268 
(0.195-0.30), at anterior testis 0.608 (0.495-0.735) ; oral sucker, diameter 0,188 
(0,150-0.203); acetabulum, diameter 0.284 (0.225-0.30) ; esophagus, length 0.148 
(0.120-0.195) ; left vitellarium, length (short axis) 0.065 (0.059-0.072), width (long 
axis) 0.124 (0.095-0.152); right vitellarium, 0.063 (0.053-0.075) x 0.130 (0.107- 
0.150); ovary, 0.139 (0.120-0.158) x 0.154 (0.130-0.195); older embryonated intra- 
uterine eggs, 0.040 (0.037-0.043) x 0.027 ( 0.024-0.028) ; anterior testis, 0.246 (0.225- 
0.285) X 0.205 (0.150-0.255); posterior testis, 0,250 (0.225-0.285) x 0.218 (0.150- 
0.270), 

Host: Semotihis atromaculatiis atromaculatiis (Mitchill). 

Ureters and urinary bladder. 

Locality: Honey Creek near Ann Arbor, Washtenaw County, Michigan. 

Types: U. S. Nat. Mus. Helm. Coll. No. 44947 (3 slides, type and 2 paratypes) ; 
other paratypes in author’s collection. 

Of 43 northern creek chubs, 8 (approximately 18.6 per cent) were 
infected with mature P. semotilL As many as 60 adult worms have been 
recovered from the ureters and urinary bladder of a single host. 

Of 57 P. semotili examined, 24 had the ovary on the left and 33 had 
it on the right, indicating that amphitypy occurs frequently in this species. 

Comparison with other species of the genus: To date 39 species of 
Phyll odist omian have been described. It is not within the scope of this 
paper to discuss the validity of these species, since Nybeliii (1926), Holl 
(1929), Lewis (1935), Wu (1938) and others have already done so in 
their papers. The comparisons of P. semotili and the two new species 
following with the species described through 1930 are based largely upon 
data tabulated by Lewis (1935) ; all comparative data beyond his work 
_ are based upon information from the original descriptions. 

Smooth vitellaria differentiate semotili from acceptum Looss, 1901, 
americanmn Osborn, 1903, angulattim Y, Linstow, 1907, brevicecum Steen, 
1938, carolini Holl, 1929, caudatum Steelman, 1938, conostonmm (Olsson, 
1876), elongatiim Nybelin, 1926, enter colpium Holl, 1930,.fausti Pea.rse, 
1924, /o/mm (v. Offers, 1816), hunteri (Arnold, 1934), lacustri (Loewen, 
1929), lingnale Odhner, 1992, lysteri Miller, 1940, Yaniaguti, * 

1934, parasihiri Yamaguti, 1934, patellare (Sturges, 1897), pearsei Holl, 
1929, pscudofolium Nybelin, 1926, sinense Wu, 1937, singidare Lynch, 
1936, spatula Odhner, 1902, spahdaejorme Odhner, 1902, staffordi 
Pearse, 1924, superhiim Stafford, 1904 and undulans Steen, 1938. 

It differs from lesteri Wu, 1938, shandrai Bhalerao, 1937 and unicum 
Odhner, 1902 in having a slightly and irregularly lobate ovary, and from 
marinum Layman, 1930, solidum Rankin, 1937 and spatula in having both 
ovary and testes irregularly lobate. An oral sucker smaller than the 
acetabulum distinguishes it further from brevicecum, caudatum, mogurn- 
dae, pearsei Rnd unicum. 

The extension of extrauterine coils as far forward as the vitellaria 

2 Glarite X was originally described as Nevillite no. 1 by Groat (1939). - 
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s.nd laterally to the extreme margins distinguishes it from almorii Pande, 
1937 and macrobrachicola Yamagiiti, 1934, and also from mnericantim^ 
I angulatimij candatum, conostomum, elongatimi, folium^ lacustri, lesteri, 

Unguale^ lysteri, marinum, pseMdofolmmj spatula, spahilaejorme, staff ordi 
. I!’ . ■ and unicum. 

The presence of a slight posterior notch differentiates it from kajika 
I (Ozaki, 1926) and lohreim (Loewen, 1935), and also from acceptum, 

' almorii, brevicecum, carolini, caudatum, conostomum, enfercolphmi, 

{ fausti, hunteri, lacustri, lesteri, lingitale, parasiluri, patellare, pearsei, 

shandrai, sinense, singulare, solidum, staff ordi, undidans and unicum. 

, Vitellaria that are from one-half to four-fifths the size of the ovary 

distinguish it from megalorchis Nybelin, 1926, and simile Nybelin, 1926, 
^ and also from acceptum, aniericanum, conostomum, shandrai, spatida and 

superbimi. It differs from macrocotyle (Liihe, 1909) in that the testes 
and eggs are significantly smaller. 

A significantly smaller ovary distinguishes it from all other species 
^ with the exception of angulatum, brevicecum, carolini, elongaturn, hunteri, 

macrobrachicola, marinum, pearsei and pseudojolium. An ovary signifi- 
cantly smaller than either testis differentiates it further from brevicecum, 
^ macrobrachicola, mogurndae, pearsei, solidum, undulans and unicum. 

Its significantly smaller body differentiates it from all other species 
with the exception of carolini, elongaturn, lacustri and pearsei. Its host, 
a fish, distinguishes it further from almorii, aniericanum, entercolpium, 
kajika, lestej'i, patellare, shandrai, singulare and solidum. 

P. semotili most closely resembles almorii, carolini, kajika, megalorchis, 
^ parasiluri, simile, sinense and staff ordi from which it has already been 

distinguished. 

Phyllodistomum notropidus n. sp. 

(Fig. 2) 

^ Description: Phyllodistomum. Body small, spatulate, consisting of a rounded, 

discoidal posterior portion somewhat set off at middle of acetabulum from a 
narrower, tapering anterior portion. Cuticula spineless, bearing sensory papillae 
on suckers and on surfaces and margins of body. Posterior end of body slightly 
; notched. Oral sucker subterminal, smaller than acetabulum ; diameter of oral 

1 sucker to acetabulum as 1:1.37. Mouth subterminal, ventral; esophagus weakly 

muscular, slender, narrow; intestinal crura inflated, extending nearly to posterior 
end of body. Vitellaria oval, smooth or slightly lobate, very close to acetabulum, 
j occasionally overlapping it. Vitelline ducts joined mesially; common vitelline duct 

short, slightly swollen. 

Ovary compact, equal to either testis or larger, slightly and irregularly lobate, 
usually in contact with vitellarium, amphitypic. Oviduct short, arising from dorsum 
of ovary, passing antero-mesially to ootype. Mehlis* gland weakly developed, 
cells small. Laurer’s canal arising from oviduct just before ootype and passing 
antero-laterally to opening on dorsal surface. Uterus fairly extensive, coils intra- 
and extracecal, extending to margins of body posterior to acetabulum; uterus 
!l ascending dorsal to acetabulum, constricting to weakly muscular metraterm ; 

latter ventral to seminal vesicle ; genital atrium small. Eggs fairly numerous ; 
older intrauterine eggs containing fully developed miracidia; hatching occurring 
^ as soon as eggs enter water. 
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Testes oblique, fairly close together, irregularly lobate, indentations deeper and 
lobes more numerous than in ovary. Anterior testis directly behind but not in con- 
tact with vitellarium, opposite or very slightly oblique to ovary. Posterior testis 
directly behind but never in contact with ovary. Vasa efferentia arising from dorsum 
of testes, passing forward dorsal to acetabulum to their junction slightly anterior 
to acetabulum; vas deferens short; seminal vesicle large; ejaculatory duct short. 
Genital pore mid-ventral, posterior to intestinal bifurcation. Excretoiy pore postero- 
dorsal; bladder a slender, median tube extending anteriorly to level of ovary where 
right and left primary collecting ducts enter; latter extending anteriorly to intestinal 
bifurcation, then looping posteriorly a short distance each receiving two secondary 
collecting ducts. 

Average measurements in millimeters (with maximum lengths and widths) of 
8 specimens fixed in Bouin’s fluid, stained in Mayer’s paracarmine or Delafield’s 
haematoxylin and mounted in clarite X : Body, length 1.351 (0.998-1.875), width at 
intestinal bifurcation 0,232 (0.195-0.285), at anterior testis 0.488 (0.405-0.645) ; oral 
sucker, diameter 0.177 (0.155-0.210); acetabulum, diameter 0.243 (0.210-0.308); 
esophagus, length 0.137 (0.109-0.176); left vitellarium, length 0.094 (0.056-0.133), 
width 0.099 (0.055-0.120) ; right vitellarium, 0.096 (0.067-0.133) x 0.097 (0.069- 
0.112); ovary, 0.141 (0.104-0.180) x 0.1 53 (0.117-0.210); older embryonated in- 
trauterine eggs, 0.041 (0.038-0,043) X 0.026 (0.024-0.028); anterior testis, 0.126 
(0.069-0.184) X 0,104 (0.070-0.128); posterior testis, 0.143 (0.117-0.198) x 0.112 
(0.080-0.165). 

Host: Notropis cornuhts chrysocephahis (Rafinesque). 

Habitats: Ureters and urinary bladder. 

Locality: Honey Creek near Ann Arbor, Washtenaw County, Michigan. 

Types: U. S. Nat. Mus. Helm. Coll. No. 44949 (3 slides, type and 2 paratypes) ; 
other paratypes in author’s collection. 

Of 136 Mississippi Valley common shiners, 9 (approximately 6.6 
per cent) were infected with mature P, notropidns. As many as 17 adult 
w^orms have been recovered from the ureters and urinary bladder of a 
single host. 

Of 13 P. notropidns examined, 8 had the ovary on the left and 5 had 
it on the right, indicating that amphitypy is of frequent occurrence in this 
species. 

Comparison with other species of the genus : An ovary equal to either 
testis or larger decidedly distinguishes notropidus from acceptum, almorii, 
americammi, angulatum^ carolini, caudatum^ conostomum^ elongatimi, 
enter colpiiim, jausti, folium , himteri, kajika, lacustri, I ester i, linguale, 
lohrenzi, lysteri^ macrocotyle, marinumj megalorchis, paras%lur% patellare, 
.pseud of oliunij semotili, shandrai, simile, sinense, singulare, spatula, 
spatiilaeforme, staff ordi duidL Stiperbum. 

It differs from hrevicec'^tm, mogurndae, pearsei and unicum, and 
further from in that the oral sucker is smaller than the acetab- 
ulum. It differs ixom soUdum, and further from marhmm, 

shandrai, spatula and unicum in having an irregularly lobate ovary. 

The extension of extrauterine coils as far forward as the acetabulum 
and laterally to the extreme margins distinguishes it from macrohrachi- 
cola^ and also from almorii, americanum, angulatum, caudafuin, cono- 
stomum, elongatum, folium, lacustri, lesteri, linguale, lysteri, marinum, 
pseudofolium, spatula, spatulaeforme, staff 07'di and unicum. 
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It differs further from macrohrachicola in that the body is somewhat 
smaller, the ovary slightly larger and the eggs significantly smaller. It 
has a body and ovary significantly smaller, but its eggs are significantly 
larger than in 

The presence of a slight posterior notch further differentiates it from 
acceptum, almorii/ bremcecum^ caroling caudatmn, conosiomvum, en^ 
tercolpium, fausti, himteri, kajika^ lacustri, lesteri, Ungiiale, lohrenm, 
parasiluri, patellare, pearsei^ shandrai, sinensc, singidare, solidtim, staf- 
fordi^ tmdidans and umcum. Its host, a fish, distinguishes it further from 
almorii, americanum, entercolpmm, kajika, lesteri, patellare, shandrai^ 
singidare and solidum, 

P. notropidus most closely resembles macrohrachicola, mogurndae , 
pearsei, semotiliznd solidum from which it has already been distinguished. 

Phyllodisfomum nocomis n. sp. 

(Fig, 3) 

Description: Phyllodistomum. Bodj'’ small, lanceolate, not sharply set off into 
narrow anterior and discoidal posterior portions. Cuticula spineless, bearing sensory 
papillae on suckers and on surfaces and margins of body. Posterior end of body 
usually slightly notched. Oral sucker subterminal, smaller than acetabulum; diam- 
eter of oral sucker to acetabulum as 1 : 1.39. Mouth subterminal, ventral; esophagus 
weakly muscular, slender, narrow ; intestinal crura inflated, extending nearly to pos- 
terior end of body. Vitellaria oval, smooth, near and postero-lateral to acetabulum, 
occasionally overlapping it. Vitelline ducts joined mesially; common vitelline duct 
short, slightly swollen. 

Ovary compact, very small, slightly and irregularly lobate, usually in contact 
with vitellarium, amphitypic. Oviduct short, arising from dorsum of ovary, passing 
antero-mesially to ootype. Mehli s’ gland weakly developed, cells small. Laurer’s 
canal arising from oviduct just before ootype and passing antero-laterally to opening 
on dorsal surface. Uterus sparse, coils mostly intracecal, extracecal coils few, some- 
times extending to ovary and to margins of body; uterus ascending dorsal to 
acetabulum, constricting to weakly muscular metraterm; latter ventral to seminal 
vesicle ; genital atrium small. Eggs few ; older intrauterine eggs containing fully 
developed miracidia ; hatching occurring as soon as eggs enter water. 

^ Testes oblique, fairly close together, irregularly lobate, indentations deeper and 

’ lobes more numerous than in ovary. Anterior testis directly behind but not in contact 

with vitellarium; opposite or slightly oblique to ovary. Posterior testis directly be- 
hind but never in contact with ovary. Vasa efferentia arising from dorsum of testes, 
passing forward dorsal to acetabulum to their junction slightly anterior to acetabulum ; 
vas deferens short ; seminal vesicle very large ; ejaculatory duct short. Genital pore 
mid-ventral, posterior to intestinal bifurcation. Excretory pore postero-dorsal ; 
bladder a slender, median tube extending anteriorly to level of ovary where right and 
left primary collecting ducts enter ; latter extending anteriorly to intestinal bifurca- 
tion, then looping posteriorly a short distance each receiving two secondary collecting 
.■ ducts. 

Average measurements in millimeters (with: maximum lengths and widths) of 
10 specimens fixed in Bouin’s fluid, stained in Ehrlich’s acid haematoxylin and 
mounted in clarite X : Body, length 1.016 (0.965-1.058), width at intestinal bifurcation 
0.199 (0.180-0.218) , at anterior testis 0.330 (0.308-0.345) ; oral sucker, diameter 0.140 
(0.135-0.143) ; acetabulum, diameter 0.195 (0.180-0.205) ; esophagus, length 0.118 
(0.093-0.135); left vitellarium, length 0.046 (0.037-0.061), width 0.069 (0.045- 
0.077) ; right vitellarium, 0.050 (0.040-0.064) x 0.073 (0.053-0.093) ; ovary, 0.066 
(0,059-0.080) X 0.076 (0.059-0.096); older embryonated intrauterine eggs, 0.040 
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(0.037-0.045) X 0.026 (0.024-0.027) ; anterior testis, 0.103 (0.093-0,120) x 0.087 
(0.053-0.109) ; posterior testis, 0.129 (0.120-0.139) x 0.096 (0.061-0.113). 

Host: Nocomis biguttaius (Kktlznd) . 

Ureters and urinary bladder. 

Locality: Honey Creek near Ann Arbor, Washtenaw County, Michigan. 

Types: U. S. Nat. Mus. Helm. Coll. No. 44948 (3 slides, type and 2 paratypes) ; 
other paratypes in author’s collection. 

Of 2 liorny-heacled chubs, 1 was infected with 31 mature P. nocomis. 
The adult worms were recovered from the ureters and urinary bladder. 

Of 28 P. nocomis examined, 10 had the ovary on the left and 18 
had it on the right, indicating that amphitypy is of frequent occurrence 
in this species. 

Comparison with other species of the genus: A significantly smaller 
ovary distinguishes nocomis from all other species of Phyllodistonnim, 
Smooth vitellaria differentiate it further from accepttmt, mnericanmn, 
angidatum, brevicecmn, carolini, caudatum, conostomum, elongatum, 
entercolpium, jansti, folium, hunteri, lacustri, linguale, lysferi, mogttrndae, 
parasiluri, patellare, p ear s ei, pseud of olium, sinense, singular e, spatula, 
spahdaefonne, staff ordi, superbum B,nd undulans. 

A slightly and irregularly lobate ovary differentiates it further from 
lesteri, marinum, shandrai, solidum, spatida and unicmn. It differs from 
hrevicecum, caudatimi, niogurndae, pearsei and uniciim in that the oral 
sucker is smaller than the acetabulum. With the exception of angtdatum, 
along atum, lacustri, lesteri, linguale, macrohrachicola zxid staff or di a 
sparsely coiled uterus distinguishes it from all other species, including 
almorii, kajika, lohrenzi, megalorchis, notropidus, semotili dcnd simile, 

A significantly smaller body and eggs, and vitellaria that are only 
slightly smaller than the ovary differentiate it further from macrobrachi- 
cola. It differs further from macrocotyle in having a significantly smaller 
body, testes and eggs. Its host, a fish, distinguishes it further from 
almorii, americanum, entercolpium, kajika, lesteri, patellare, shandrai, 
smgtdare oLnd solidum. 

P. nocomis most closely resembles almorii, angulatum, elongatum, 
kajika, lesteri, linguale, macrohrachicola, notropidiis and semotili from 
which it has already been distinguished. 
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THE LIFE HISTORY OF POROCEPHALUS CROTALR A 
PARASITE OF THE LOUISIANA MUSKRAT^ 


George H. Penn, Jr. 

Wildlife and Fisheries Division, Louisiana Department of Conservation 

A preliminary report of the inddenee of nymphal porocephaliasis of 
the Louisiana muskrat has already been published (Penn and Martin, 
1941 ) . The present paper is to report what is known of the life history of 
Porocephalus crotali in Louisiana as a result of studies in the past year, 
and to add a few additional data on the incidence and epidemiology.'^ 


HOSTS AND DISTRIBUTION 

Porocephahts crotali wzs first described by Flumboldt in 1808 as 
Echinorhynclms crotali. Other important synonyms for the adult are 
Pentastoma proboscideiim Rudolphi, Porocephalus humholdtii Mayer, 
Linguatula quadriuncinata Mayer and Pentastoma monilijorme Megnin ; 
and, for the nymphal form, Pentastoma subcylindrictmi Diesiiig. 

Porocephalus crotali, according to Sambon (1922), has a limited dis- 
tribution, the adults being found principally in New World crotaline 
snakes, especially the species of Crotalus which ^'range from Arizona, 
New Mexico and Texas to southern Brazil and northern Argentina.’^ 
The type specimen was taken from the South American rattlesnake, 
Crotalus durissus terri ficus Laurenti. It has also been recorded from C. 
durissus durissus, C. atrox, C. horridits ssp., and C. adamant eus. Dr. 
Ploward R. Hill at the Los Angeles Museum states^ that he has found 
P. crotali commonly in the water-moccasin {Agkistrodon piscworus) ; 
this reptile has also been recorded as a host of the adult by the writer 
(1940). 

Sambon (1922) and Heymons (1935) state that the nymphal form 
has been reported from several Brazilian mammals (Marsupialia : the 
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murine opossum Marmosa nmrina h, and Cduromys philander L. ; 
Chiroptera : Phyllostoma discolor Wagn. ; Edentata : Tafitsia novem- 
cincta L, ; Carnivora: Procyon cdnerivonis Cuv. and Pteroniira hrasiP 
iensis Z\m.; Simike: Mystax chrysopygus Wagn.; and Rodentia: 
Rhipidomys pyrrhorhimis Wied and Akodon fuUginosns Wagn.), but 
that the determination of the parasites has been uncertain in the majority 
of the cases. The nymph was first recorded from the viscera of the Louis- 
iana muskrat {Ondatra mbethica rivalic a) by the writer (1940). 

THE LIFE HISTORY 

Adults live in the lung cavities of the reptilian host. The eggs, 
which reach the outside in sputum, are ingested by the muskrat and 
hatch in the small intestine. The larvae migrate to the liver and lungs 
of the muskrat where they become encapsulated in the tissues, and de- 
velop into nymphs in about three months. The tissue with infective 
nymphs is then ingested by the reptile host and the nymphs migrate up 
the esophagus and into the tracheae and lungs where they develop into 
adults. 

THE EGGS 

Description.— eggs? Fig. 1, are fully developed when deposited 
by the female porocephalid inside the pleural cavity of the snake host. 
The fully formed larva is enclosed in an inner oval-shaped vitelline mem- 
brane which in 12 eggs averaged 123 microns long (from 114 to 128) 
and 105 microns wide (99 to 106). The outer membranous shell is 
much larger, perfectly spherical in shape, and has a wide clear area be- 
tween it and the inner membrane; its diameter averaged 151 microns in 
12 eggs (from 135 to 170). 

Productivity.— The nnmhtr of eggs contained in the uterus of a 64 
mm female porocephalus was calculated to be approximately 1,088,000. 
This must be considered as only a rough estimate as it was made by mea- 
suring the length of the uterus containing eggs and cutting out pieces as 
nearly as possible one millimeter long. The sections w^ere then mea- 
sured exactly and the eggs squeezed out on slides and counted exactly. 
Because the uterus is the same diameter throughout its length, and the 
eggs are nearly the same size regardless of the stage of development, the 
average of only four such counts (which showed little variation) was 
used in the final calculation. The uterus of this female w^as 918 mm long 
and the count per 0.1 mm averaged 118 eggs ( 100 to 150) . 

Viability. — On August 18, 1940 a gravid female P. crotali just re- 
moved from a water-moccasin was cut into shreds and placed in about 
eight ounces of marsh-lagoon water diluted with w^ell-w’-ater to a salinity 
of approximately 0.006% (equal to 0.32% sea water). From time to 
time as the worm decayed the suspension of eggs was examined micro- 
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scopically and all of the embryonated eggs found viable. The last so ex- 
amined, 189 days after having been removed from the living parent, 
hatched into motile larvae on slides under observation. 


Fig. 1 . Porocephalus crofali: embryonated egg 


THE LARVAE 

Hatching . — The eggs hatch by tV'^o stages (as observed when they 
were placed on slides under cover glasses). First, the inner vitelline 
membrane splits into halves from the head end, and the larva, Fig. 2, 
stretches to its full size of approximately 141 microns long and 64 microns 
wide, while still inside the outer shell. After an indefinite period of 
more or less constant action by the larva, the outer shell is split into 
halves in much the same fashion as was the inner shell, and the larva 
emerges. By continued slow, strong strokes with its four, doubly hooked 
legs the larva frees itself of the egg cases and progresses on its migration 
to the site of encapsulation. 

Migration of the Larvae . — From several experiments in which lab- 
oratory white rats were killed at a series of short intervals after being 
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orallv infected with porocephalid eggs, the place of hatching was deter- 
mined to be the duodenum. Both embryonated and ^“"-“^^ryonat j 
eggs were used so that the level reached by the eggs was alway s maik 
bv the presence of non-embryonated eggs at least. One loui a, ei ^ 
ing, both tvpes of eggs were recovered from the stomach, but none m - 
intestine. 'After two and four hours re.spectively non-embinmiiated eg^s 
were recovered in the duodenum and jejunum but none ot the otheis. 

Evidently all embryonated eggs hatched m the duodenum. 



No larvae were recovered from any of the rats, although each exami- 
nation included the lumen of the stomach, duodenum, jejunum, the peii- 
toneum of the stomach, duodenum, jejunum and surfaces^ of the liver, 
therefore leaving the route of migration still a mattei of conjectuie. Be 
cause of the size of the larvae they cannot pass through the blood capil- 
laries of the hepatic-portal system, and a blood route therefore seems out 
of the question. The most probable route seems to be either through the 
bile ducts from the duodenum to the hepatic tissue and from there to the 
surface of the liver, or through the intestinal wall directly into the ab- 
dominal cavity and then to the surfaces of the liver and other viscera. 
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The latter, altliougli unsupported by experimental data, appears the more 
favorable to the writer especially when the relatively larger number of 
nymphs which encapsulate in the omenta of experimental white rats is 
considered. A direct route through the wall of the duodenum to the 
omenta seems indicated. 

THE NYMPHS 

When the larva reaches the end of its migration, which is usually in 
the liver, it continues its postdarval development. It becomes imbedded 
in the tissue in which it has settled and shortly afterward is encapsulated 
by host-tissue reaction. Within the capsule the larva develops into a 
worm-like nymph. The nymph grows and enlarges the capsule until it is 
fully developed in about 100 days. 

Experimental .^ — ^White rats forced to ingest viable eggs on August 
27th were heavily infected with nearly developed nymphs 93 days later 
on November 29th. These nymphs were smaller than those obtained 
from muskrats, and were probably not quite fully developed; neverthe- 
less, some of these lived iii the experimental reptile host, two out of three 
baby water-moccasins being successfully infected with 15 mm immature 
porocephalids after 35 days. On the other hand, all of the encapsulated 
nymphs (of unknown ages) obtained from muskrats on the same date 
were infective and developed into post-nymphal forms when fed to water 
moccasins. 

The fully developed nymph makes a capsule of 5.0 mm (from 4.5 to 
6.0) diameter, usually in the liver of the muskrat, but also possibly in or 
on every organ of the visceral and pleural cavities. Only one or two 
nymphs are normally present in a naturally infected muskrat, where they 
are almost invariably located at the periphery of the hepatic tissue ; the 
lungs, omentum and gonads, however, also are frequently parasitized, 
and in that order of incidence. 

The nymphs themselves wdien removed from the capsules averaged 
12.2 mm long (from 11,0 to 13.0) in the specimens measured. The 
number of annulations varied between 38 and 42, averaging about 40, on 
twenty nymphs obtained from naturally infected muskrats. 

. The possibility that additional hosts of the nymphal form exist in 
Louisiana has not been thoroughly investigated as yet, although three 
Rattiis norvegicus and nine Mus musculus from the vicinity of the Sabine 
Refuge headquarters examined by the writer were found negative. Other 
small marsh rodents of the same locality also should be examined for the 
nymphal form of this porocephalus. 

THE ADULTS 

In laboratory-raised, baby water-moccasins four months old and in 
wild water-moccasins collected at Westwego, La., not over six months old 
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(26.0 to 27.0 cm long) it was possible to culture post-nymphal or imma- 
tiiTt-zdnltPoi^ocephaliiscrotaU. 

Among these experimental water-moccasins four were forcibly fed 
with encapsulated nymphs obtained fresh from muskrats trapped at 
Abbeville, La., November 29th. All of the snakes proved to be satisfac- 
tory hosts for the development of the post-nymphal stages. However, 
one of the snakes was found dead on January 3rd with two 20 mm im- 
mature porocephalids clogged in its trachea, suffocation probably being 
the cause of death. Three water-moccasins of the same lot were infected 
orally with encapsulated nymphs from experimental white rats as de- 
scribed in the preceding section. 

Tw'enty-five water-moccasins {Agkistrodon piscivonis) collected 
near the headquarters of the Sabine Refuge in Cameron Parish, La., were 
autopsied between August 12th and 19th, 1940. Seven were infected 
with adult and immature porocephalids, a higher percentage of females 
than males being infected. A few pentastonies of the species Kiricephalus 
coarctatus also were obtained from these moccasins. The range of the 
moccasins was from 39 to 120 cm, 17 were males, 7 females and one 
juvenile. Three additional water-moccasins from the Chalmette and 
Pearl River swamps in eastern Louisiana proved to be negative for Poro- 
cephahis. Twelve alligators ranging from 18 inches to five feet in length 
and a wild hog from the Sabine Refuge also were examined for adult 
porocephaliasis, but found negative. 

In the laboratory various cold-blooded vertebrates were forcibly in- 
fected per os with encapsulated nymphs freshly obtained from wild 
muskrats. The experimental animals were examined twelve days after 
infection. Of three water snakes {Matrix sipedon confliiens) two be- 
came infected; of three ribbon snakes {Thavnnophis sanritns proxinms) 
two became infected; one mobilian turtle {Pseitdemys scripta troosti) 
became infected; of two small green frogs {Rana clamitans) one became 
infected. One mud-turtle (Sfernotherus odoratus), one baby alligator 
{Alligator mississippiensis) and one tree frog {Hyla cinerea cinerea) 
failed to become infected. 


OCCURRENCE OF THE NYMPHS IN MUSKRATS 

Preliminary notes of porocephaliasis in Louisiana muskrats by Penn 
and Martin (1941) gave the figure of 9.06% as the incidence for the 
state of Louisiana in the 1939-40 trapping season. Of an additional 748 
muskrats examined in the 1940-41 trapping season, 11.5% were found 
with porocephaliasis. 

Data of the sexes, size and degree of infection of the muskrats were 
collected in the latter survey. Only a slight difference between sexes is 
shown, the females having a slightly higher percentage of infection than 
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the males. It is interesting to note also that only the larger, i.e,, sexually 
mature (25 to 33 cm) muskrats were infected although many smaller 
ones were examined from the same areas. 

Geographic difference in intensity of infection in 1940-41 similar to 
that reported in the previous study again indicates that porocephaliasis 
is dependent on the relative numbers of hosts of the parasite living in any 
particular marsh. It is obvious that the heavier the concentration of 
muskrats or of water-moccasins, or both on any area, the greater will be 
the chance for infection to increase in both hosts. Concentrations may 
be caused by natural fecundity of the muskrats coupled with abundance 
of native food-grasses and water, or may occur in drought years when 
muskrats congregate in the vicinity of small pools of fresh water. In 
either instance, the water-moccasins will be found seeking their prey and 
at the same time distributing the eggs of the parasite. In regard to 
moccasins in marshes, Arthur (1931) wrote that it ‘‘has been an old 
adage in the Louisiana marshes that wherever the poisonous moccasin 
snake is plentiful one is certain to find many muskrats. On the other 
hand, some experienced and practical trappers will tell you that the 
moccasins become so plentiful and take such toll of young that the 
muskrat population is kept down.’’ 
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HISTORICAL ACCOUNT 

Centrocestus first created by Looss (1899) to include C. cuspi- 
dafus described by him in 1896 under the name D is to mtim cuspidatuin. 
In 1913 Leiper described as C. ciispidatiis a fluke from Formosa 

which is morphologically the same as C. cuspidahis but with only 28 
spines surrounding the mouth. This name was considered a synonym 
of C. ciispidatiis by Ransom (1921). Tanabe (1922) erected a new 
genus, Stanmosoma, for the reception of a new fluke from Japan, 
Stamnosoma annatun% which is closely similar to Cenfrocestus. Follow- 
ing the same generic concept Nishigori (1924) described S. jonnosanum 
from northern Formosa. 

Chapin (1926), Fuhrmann (1928), Witenberg (1929), Price (1932), 
and Stiles and Baker (1934) all consider Stamnosoma to be a synonym 
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THE METACERCARIA AND ADULT OF CENTROCESTUS 
FORMOSANUS (NISHIGORI, 1924), WITH NOTES ON 
THE NATURAL INFECTION OF RATS AND CATS 
WITH C. ARMATUS (TANABE, 1922) 

H. T. Chen^ 

Division of Biology, Lingnan University, Canton^ 


In the fail of 1939 when an extensive examination of local fish was 
made for certain trematode infections a large number of oval inetacercariae 
characterized by double circles of circumoral spines and a very distinct 
X“shaped excretory bladder was found in the gills of Macropodus opercu- 
laris and Ptmtiiis seniijasciolattis which were collected from ponds and 
pools of Tsuen Wan and Fanling, villages between Kowloon and the 
Chinese-British border in the New Territories of Hong Kong. Feeding 
of these cysts to white rats resulted in the recovery a week later of many 
adult trematodes of the species CentrocesHis jormosamts (Nishigori, 
1924), a heterophyid reared experimentally in man in Formosa and a 
potential human parasite in this region. 

Mr. C. T. Cheng of this division called the author's attention to 
similar cysts in the stomach wall and striated muscles of the frog, Rana 
limnocharis, from Kowloon. These likewise proved to be C. formosan 
when reared in white rats. 
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of Cenfroceslits, Faust and Nishigori (1926) accepted the genus 
Stamnosoim and considered that Leiper’s specimen of C. cuspidatus 
camniis was really S, jormosanum. Later, however, Faust (1937) 
discarded the name Stamnosoma in favor of Centrocestus. 

The metacercarial stages of C. armattis and C. formosamis have been 
briefly described by Tanabe (1922) and Nishigori (1924) respectively. 
Yaniaguti (1938) added to our knowledge of the metacercaidae and 
earlier stages of C. armatus. C. formosanus has been reported from the 
Philippines by Vazquez-Colet and Africa (1939, 1940) and Africa, de 
Leon and Garcia (1940). In addition Vazquez-Colet and Africa (1938) 
report from a marine fish in the Philippines, Ambassis bumensis 
(langaray), two apparently different species of Centrocestus (one big 
and having a long intestine, and the other very tiny and having a short 
intestine). The larger of the two also parasitizes another marine fish, 
I-lepsetia balabacensis. The authors consistently failed to infect albino 
rats and mice, kittens and puppies, indicating apparently that the two 
metacercariae are distinct forms. 

Because of the brevity of extant descriptions the metacercaria of 
Centrocestus formosanus is fully described here and certain obscure 
morphological aspects of the adult are elucidated. 

In China the genus was first found in Mus norvegicus in 1933 by the 
writer and was reported from domestic cats (Chen, 1934), both from 
Canton. 

THE METACERCARIA 

The following descriptions are based primarily on material from fish 
unless otherwise stated, although there are no appreciable differences 
between these and specimens from frogs. 

The cysts are most frequently found attached to the gill filaments, 
occasionally in the operculum and very rarely in the muscle or on the 
scales, showing that they prefer tissues in which there is an abundant 
supply of blood and oxygen. For instance, in a series of 12 M. opercu- 
/am examined for cysts, one each was found on the scales of 3 fishes, 
from 1 to 4 on the operculum of 4 fishes, 3 in the muscle of one host, and 
from 2 to 527 (averaging 126 per fish) on the gills. In frogs they are 
primarily located in the stomach wall, but may often be found in the 
muscles. 

The cyst is oval and consists of a single-layered, strong, transparent 
w’all about 2p thick (Fig. 7). Fifty-two living cysts in water without 
pressure measured from 0.132 to 0.204 mm (av. 0.176 mm) long and 
0.105 to 0.168 mm (av. 0.127 mm) wide. The cyst is always covered 
by a thick layer of the reaction tissue of the host. With the latter intact 
42 cysts gave while alive an average of 0.208 by 0.154 mm. 
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I Excystation can take place easily when the cyst is placed in pepsin 
digestive fluid for about 2 hours at 37 "^ C and is then placed in pancreatic 
juice. The thin wall becomes hyaline and swollen to a thickness of about 
5 p, and then is broken by a constant stretching of the parasite. Ex- 
I cysted individuals (Fig. 8) are very active, and it is difficult to measure 

I the body. Under slight pressure the measurements of 8 individuals were 

I 0.267-0.386 mm (av. 0.301 mm) long and 0.099-0.200 mm (av. 0.140 

I mm) wide. The entire body is studded with short but conspicuous spines. 

I The oral sucker is 0.053 mm wide by 0.058 mm long. The acetabulum 

I is located at about the middle or posterior to the middle of the body and 

I measures 0.033-0,049 mm (av. 0.035 mm) wide and 0.025-0.040 mm 

I (av. 0.031 mm) long. These figures were obtained from 9 specimens. 

I One of the most characteristic features of this species is the two 

circles of circumoral spines (Figs. 8, 9), each somewhat recurved at the 
tip. Those of the outer circle are larger and measure 0.012-0.015 mm 
long while those of the inner circle are slightly shorter, generally from 
0.010-0.012 mm, the wudth at the base being about 0.002 mm in both. 
It appears also that those on the ventral side are slightly smaller than the 
dorsal and are closer together but this point requires more extensive 
comparisons. The number of spines varies from 30 to 36 with 31 and 
32 the commonest. The spines fall away fairly easily and care must be 
exercised in evaluating their total number as a specific character. 

The mouth is large and opens into a funnel-like cavity. The pre- 
pharynx (Fig. 8) is practically absent in a very active specimen, but 
as it becomes sluggish the prepharynx gradually makes its appearance. 
The average length of the prepharynx of such specimens measured under 
some pressure of a cover glass is 0.021 mm. The pharynx in 11 speci- 
mens measured 0.029 mm wide and 0.033 mm long. Of those -which are 
examined wdth considerable pressure the pharynx may become wider than 
I long. It is divisible into two parts. The anterior which constitutes the 

f bulk of the structure is muscular, while the posterior third or fourth is 

granular and is glandular in function. In vitally stained specimens the 
posterior part is deeply colored while the anterior is colorless (Fig. 12), 

' The esophagus is practically absent in unextended specimens. The aver- 

j age length of 5 was 0.014 mm. The two ceca end either at the posterior 

i border of the acetabulum or between the latter and the anterior border 

I of the excretory bladder. The intestinal ceca may be filled with crystals 

I and are sometimes enlarged posteriorly. 

[ The nervous system consists of a pair of ganglia located on each 

j side of the pharynx or prepharynx and connected by a transverse com- 

‘ missure (Fig. 8). Nerve fibers go upward from each of the ganglia and 

I disappear from view before reaching the oral sucker, while others go 

I downward, cross the ceca in front of the acetabulum, and disappear before 

reaching the level of the testes. 
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The reproductive system (Fig. 8) consists of well-developed organs 
which require only a day or so to become fully developed in the definitive 
host. The male system consists of two approximately oval testes, slightly 
lobed at the outer or posteidor border, generally placed somewhat ob- 
liquely or transversely opposite each other at the posterior end of the 
body. The left testis measured 0.066 by 0.046 mm and the right 0.065 
by 0.460 mm in 10 specimens. Two small ducts lead forward and join 
together to form the seminal vesicle which is large and consists of two 
parts divided by a constriction, both located more or less transversely 
behind the acetabulum. The proximal portion or the posterior vesicle 
turns from right to left, and the distal portion or the anterior vesicle turns 
sharply back from left to right. The latter follows the curve of the 
acetabulum on its lower right border to join the prostate section which 
is followed by the terminal portion along the anterior right border of the 
acetabulum. It opens into the common genital atrium in front of the 
acetabulum. The genital pore can be seen as a transverse slit. 

The female system is not as clear as the male system. It consists of 
a more or less spherical or oval ovary, about half the size of the testes, 
on the right side just in front of the right arm of the excretory bladder. 
An oviduct begins from the dorsal side of the ovary, passing transversely 
to the middle on the ventral side of the seminal receptacle, receiving a 
short duct from the latter somewhere at the center and connecting with 
the proximal end of the uterus. Laurer’s canal appears to open into the 
seminal receptacle. 

There is a group of banana-shaped skin glands (Figs. 10, 11). 
Each is connected with a short duct and opens to the outside through the 
skin. The glands are found all over the body except in the posterior 
portion. On the ventral side they are arranged in five longitudinal rows. 
The central row consists of from two to five glands between the oi'al and 
the ventral suckers. The lateral rows, each consisting of about IS glands, 
extend from below the oral sucker to a level in front of the excretory 
.bladder. The two marginal rows, each consisting of about half a dozen 
or so glands, occupy the region between the oral and ventral suckers. 
Variations in this arrangement have been noted. 

There is also a group of cephalic glands (Fig. 8) which are crowded 
together in grape-like aggregations on the sides of the esophagus, the 
outer margin of the ceca, and between the intestinal bifurcation and the 
ventral sucker. Some glands are seen between the ventral sucker and the 
excretory bladder. All the gland cells are granular and do not take vital 
stains, such as neutral red, Bismarck brown, Nile blue sulphate, or 
methylene blue. They vary in shape because of crowding. 


A complicated system of granular ducts is faintly visible but is 
extremely difficult to work out (Fig. 8). They are apparently derived 
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from gland cells at different levels and are massed together at the level 
of the esophagus and pharynx. At the level of the pharynx the outermost 
ducts become separated from the main bundle and pass antero-laterally. 
Immediately anterior to the pharynx all ducts diverge and pass forward 
dorsally, laterally, and latero-yentrally to the oral sucker to open near the 
circumoral spines. The ducts are not uniform in diameter but are en- 
larged here and there so that they appear like strings of beads. They 
are larger in diameter near the oral sucker. 

The excretory system (Fig. 8) is characterized by a very conspicuous 
X-shaped excretory bladder. From each side of the bladder a convoluted 
collecting tubule extends upward to the level of the pharynx and then 
bends down with its diameter much decreased. Its further course cannot 
be traced. Eight pairs of flame cells were found in all specimens studied. 
Their arrangement is shown in Fig. 8. 

Pigment granules of irregular size are found ventrally and dorsally 
in the middle region of the body. 

FISH HOSTS 

In Formosa (Nishigori, 1924): Carassms aura f us (Linn.), Clarias 
fuscus (Lacepede), Channa jormosana (Jordan and Evermann), Pseu- 
dorasbora parva (Schlegel), Rhodens occelatus (Kuer), Gambnsia aj- 
/zwfr (Baird and Girard), Polyacanthus operculatus (Linn.), Cteno- 
pharyngodon idellus (C. and V.), Opkicephalus tadianus (J. and E.), 
Misgurniis anguillicaiidatits (Cantor), Parasilurus asotiis (Linn.), Zacco 
platypus (T. and S.) and Cyprinus carpio (Linn.). 

In the Philippines (Vazquez-Golet and Africa, 1939) : OpMcephalus 
sfriatus Bloch, Glossogobius giurus Buchanan-Hamilton, Therapos 
plumb eus (Kuer) d.nd Anabas testudineus (Bloch.); (Vazquez-Colet 
and Africa, 1940) : Hemirdmphus dussumieri Cuvier and Valenciennes. 

In Hong Kong: Carassms auratus (Linn.) from Fanling, 63 per cent 
infected; Macropodus opercularis (Linn.) from Fanling 82 per cent and 
from Tsuen Wan 91 per cent infected ; Pimtius sernijasciolatus (Gunther) 
from Fanling 70 per cent and from Tsuen Wan 93 per cent infected. 
Limia caiid of as ciataP^egm was experimentally infected in the laboratory. 
The incidence of infection in Rana limnocharis Gravenhorst from one 
locality at Kowloon is less than 2 per cent and from another 23 per cent. 
The intensity of infection in is from 2 to 288 cysts, with an aver- 

age of 32 per host, in Macropod%ts 2 to 527 with an average of 128 per 
host, in Carassius 2 to 31 cysts, with an average of 7 per host. In frogs 
the intensity of infection is from 2 to 40. 

In addition Misgimius angtiillicaudat^^^ (Cantor), another freshwater 
fish, and Bufo ^nelmosf ictiis Schneidtr,,t^^ common toad, are also in- 
fected, their incidence and intensity of infection not being recorded. 
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Table 1 . — Results of feeding experiments imth Centrocestus cysts from 
various sources 


Experimental 

host 

Source of cysts 

No. of 
cysts 

Days 

after 

feeding 

V'orms 

recovered 

' Maturity 

Mus rattus 

P. semifasciolatus 

428 

■ 4 

67 

Eggs present 

White rat 


288 

31 

9 




1010 

3 

204 



Rmia Urn nochar is 

20 

2 

4 

a <4 

Dnciviing 

P. semifasciolatus 

278 

3 

10 

u “ 

M. opercularis 

320 

5 

A few 


Chicken 

6V auratus 

38 

3 

4 

Immature 

“ 

P. semifasciolatus 

86 

8 

3 

Eggs present 

White mouse 

“ 

401 

8 

35 

iC 

a 

407 

24 

31 


tt 

M. opercularis 

125 

26 

'4 


Rabbit 

102 

15 

6 

■a a 


P. semifasciolatus 

197 

45 ■ 

13 

a ■ u 

Puppy 

J/. opercularis 

4.30 

58 

' 7 

a i( 

' 

Kitten 

Pimmis and Macropodus 

611 

lT-17 

14 



THE EXPERIMENTALLY OBTAINED ADULT 

Because there are as yet no available descriptions of this species in 
other languages than Japanese and because there are several structures 
which require further elucidation, the following description is given, with 
measurements in millimeters. The metaeercaria of this species is very 
advanced in development, so what has been said concerning this stage is 
generally applicable to the adult. 

The results of feeding experiments with various final hosts are pre- 
sented in Table 1; sample measurements in Table 3. 

Centrocestiis jormosamis (Nishigori, 1924) 

Description: Body flavsk-shaped, somewhat flattened dorso-ventrally. 
Twenty specimens measured 0.314-0.572 (av. 0.461) long by 0,171-0.242 
(av. 0.212) wide. Oral sucker terminal, 0.056 wide by 0.060 long. 
Acetabulum at middle of body, 0.055 wide by 0.052 long. Oral sucker 
armed with two circles of spines somewhat recurved near tip and directed 
backward, numbering generally 30-32 and occasionally 33-36 (Figs. 1, 2, 
and 3). Inner circle with larger spines each measuring 0,010 to 0.013 
long and 0.002-0.003 broad at base; outer circle with spines 0.008-0.010 


Table 2. — Shozmng the age of the trematode as related to the number of eggs present 


No. of worms 

Host 

Age in days 

No. of eggs present 

3 

White rat 

1,5 

0, 2, 3 

■7' ■ 

te 

'3~*7 

3, 4, 4, 5, 6, 8, 16 

14 


10 

2, 6, 9, 9, 10, 11, 11, 12, 

13, 14, 17, 20, 25, 28 

3 

(t \ 

■ 12 

21, 28, 32 

o 

Rabbit 1 

Kitten 

15 

4, 4 

8 

11-17 

1, 11, 12, 12, 15, 18, IS, 

■■24,'' 

9 ■ ■' 

Mouse 

. 25 

1, 2, 2, 3, 3, 5, 5, 5, 7 

, 2 

White rat 

■ ■ ■ 30 

20, 20 

" 6 

Rabbit 

45 

10, 17, 18, 21, 23. 48 

5 

Puppy 

58 

10, 17, 22, 22, 25 
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Table 3. — Measiiremenfs of various parts of the tzoo specimens from rats. 
In millimeters 



Specimen 1 

.Specimen 2 

Body 

0.598 by 0.360 

0.583 by 0.274 

Oral Bucker 

0.088 wide 

0.060 wide 

Prepliarynx 

0.028 long 

0.053 long 

Pharynx 


0.046 wide 

Testes 

0.123 by 0.077 

0.105 by 0.060 

Ovary 


0.063 diameter 

Seminar receptacle 

0.122 by 0.086 

0.098 by 0.070 

Vitellaria 

Prom level of prepharynx to 



posterior end of body 

Same as in specimen 1 

Eggs 

0.035 by 0.023. Over 60 eggs 

0,034 by 0.024. As many 


altogether 

as in specimen 1 


long and about 0.002 broad at base. In some specimens smaller cliitinous 
rodlets, or sometimes true spines,, either singly or in pairs, may be found 
irregularly between spines of outer or inner circle. In specimens one 
month or more old, wSpines are larger, inner being 0.019 by 0.005 and outer 
0.016 by 0.003, and tips are mostly worn off. 

Mouth opens into prepharynx which is about 0.072 long by 0.032 
wide. Pharynx 0.42 wide by 0.041 long, and followed by very short 
esophagus. Ceca large and extend to level of middle of ovary. 

Two testes, oval, slightly lobed, on posterior border, right 0.106 by 
0.071 and left 0.101 by 0.074, placed directly opposite each other at pos- 
terior end of body. One duct goes forw^ard from each testis and the two 


Table 4. — Measurements in microns of Centrocestus armatus, C. cuspidatus and 

C. formosanus 



0. armatus 
(Prom 
Tanabe) 

0. cuspidatus 
(From Loess) 

G. formosanus 
(Prom 
Nishigori) 

C. formosanus 
(From Chen, 
this article) 

Body 

456x236 

500 x 350 

362 X 197 

461 X 212 

Oral sucker (length 

64 x 68 

Biam. 50 

50 X 47 

60 X 56 

and width) 

^ Number 

44 

36 

32 

30 - 36 

Oral spines 

36 X 19.6 

10x3 

Outer circle : 

14 X 2.2 
Inner circle : 
12,5 X 1.7 

. 

Outer circle r 

13 X 2 young 
19x 5 old 

Inner circle : 

8 X 2 young 
16x3 old 

Acetabulum (length 



36-43 X 39-55 

52x55 

and width) 

Pharynx (length and 

50x61 

Diam. 60 

width) 

43.8 X 34 

30x25 

40-47 X 20-35 

41 X 42 

Testes 

Ovary 

110 X 60 

103 X 60 
Lobed posteri- 
orly 

95x65 

150 X 80 

89x43 

78x42 

Lobed 

54 X 40 

106 X 71 

101 X 74 

83 X 67 

Seminal receptacle 

78x61 

Diam. 70 

53 X 50 

80x 62 

Seminal vesicle 

Number 

286 X 46.5 

Several tens to i 

Large 

Ant. 122x31 
I>o.st 81.2x16 

Ant. 78x35 
Post. 69 X 37 

Eggs 

Size 

over 100 
31x17 

About 50 
30x15 
(embryo- 
nated) 

Over 10 to 45 

33 X 17 i 

About 20 

33x16 


'I 

>1 
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meet to form large seminal vesicle constricted at about middle into two 
vsausage-sliaped parts, posterior portion being 0.037 by 0.069 and going 
obliquely outward and anterior being 0.035 by 0.078 and going almost 
transversely inward by following curve of acetabulum. At distal end it 
narrows considerably and curves upward along right corner of acetabulum, 
where it joins prostate region on right border of sucker, this portion being 
surrounded by several unicellular structures, the prostate glands. Ter- 
minal portion or ejaculatory duct opens into common genital atrium in 
front of acetabulum (Fig. 4). In center of the atrium opens genital pore 
which is transverse slit. 

Ovaiy oval, slightly lobed, measuring 0.083 by 0.067, in front of right 
or occasionally of left testis. Oviduct passes more or less transversely 
to middle and receives a short duct from round or oval seminal receptacle, 
which averages 0.080 by 0.062, and is located in the middle of the body 
just in front of testes. Oviduct next receives duct from vitelline reservoir 
and then passes on as an ootype surrounded by Melilis’ glands. Laurer^s 
canal opens apparently into seminal receptacle near junction of oviduct. 
Uterus bends several times between anterior border of testes and level 
of genital pore. It contains from 10 to 30 eggs (see Table 2) . Metra- 
terni extends upward along curve at left of acetabulum to open into com- 
mon genital atrium (Fig. 4). Common vitelline duct is just in front of 
testes and reservoir is somewFat triangular in shape. Vitellaria form 
spherical follicles located outside of ceca and other organs and extending 
from lower level of pharynx to region behind testes at posterior end 
of body. 

Eggs showy characteristic latticed designs on outside. They measure 
17 to 20 p wdde and 32 to 39 p long wdth average of 19 by 34 p. Shape is 
typically that of chicken egg. Egg shell 1.4 p thick, uniform throughout; 
operculum 6 p wide. Fig. 5 show^s most of above characters. Occa- 
sionally another type of eggs may be found. These are apparently either 
first few' eggs or are unfertilized. They are narrower and longer, 17 p 
by 43 p, with less conspicuous latticed design (Fig. 6). Egg shell is 
slightly thinner and often provided with nodule placed slightly to one 
side at posterior pole of the egg. 

Nervous and excretory systems, as far as studied, are as in the 
metacercaria. 

Definitive Hosts: In Formosa: Nyctico7^ax nycticorax and dogs, and 
experimentally in cats, white rats, mice, rabbits, etc. In the Philippines : 
Bubulctis ibis coromandus and Pyrreroides manilensis, and experimentally 
in dogs and cats. In Hong Kong: experimentally in white rats, white 
mice, chickens, Mus rattiis, rabbits, ducklings, puppies and kittens. 

Location in Host: Small intestine. 
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NATURAL INFECTION IN RATS AND GATS^ 

Two worms of this genus were collected from rats, Mus norvegicus, 
in 1933 in Canton but were poorly preserved. Table 4 gives measure- 
ments of structures that could be made out from these worms. 

The measurements were based on permanent mounts in which, due to 
some pressure from the cover glass, the size is somewhat exaggerated 
but the relationships of different organs remain constant. The circumoral 
spines are distinct but their number cannot be made out. The eggs do 
not have latticed design on the outside. Because of this and the larger 
number of eggs the writer is inclined to call this Centrocestus armatus 
tentatively. 

The single worm that was collected from a cat in Canton (Chen, 
1934) was much like the tw’-o from rats and before more can be collected 
it is placed in the same species. 

DISCUSSION 

The differentiation of the three known species of Centrocestus has 
been based chiefly on the number of circumoral spines, the form of the 
margin of the testes and ovary, and the presence or absence of the lat- 
ticed design on the eggs (see Table 4 for detailed comparison). The 
number of circumoral spines appears to be rather definite in the three 
species according to the various authors. Thus in C. cuspidatus Looss 
gave 36 spines, in C. armatus Tanabe mentioned 44, and in C. f ormosanus 
Nishigori counted 32. In the present study, however, it has been shown 
that in the last species the number of the spines varies from 30--36, with 
30-32 being the commonest. In C. armatus, Yamaguti in 1933 observed 
from 40-44 spines and in 1938 only 40. Moreover, it has been noted that 
spines may easily fall off, and if this happens near the lateral corner of 
the crown where they are more closely arranged, it will be very difficult 
for one to detect such an anomaly. These observations indicate that it 
is not entirely reliable to depend on the number of the spines as a specific 
character unless a large number of specimens are carefully studied. 

With reference to the form of the margin of the testes and ovary it 
is noted that in C. cuspidatus both of these organs have smooth margins 
while in armatus and C. jormosanus thty are lobed. In the present 
study it has been observed that if specimens were left in the physiological 
salt solution there would be no change in the outline of these two organs, 
but if they were placed in /water the twm organs would become smooth. 
It is well, therefore, to be cautious in considering such characters as of 
specific importance. 

Eggs of the several species are apparently similar in size and shape. 

3 Three specimens from these hosts were collected from Canton but all were lost 
in transit to Hong Kong in the fall of 1938. 
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Three points, however, require special attention. The first is the lat- 
ticed design in C. formosanus. It is a character which is very important 
but may be easily overlooked. The question as to whether such a design 
is piesent in the eggs of other species cannot be answered, of course, 
without seeing the specimens. The earlier suggestion that C. cuspidatus 
caninus is a synonym of C. forniosanus must be verified by a study of the 
egg shell of the former. The second point of interest is the presence of 
an almost fully developed embryo in the egg of C. cuspidatus according 
to Looss. This is not true witli the two other species. The third point 
of interest is the number of eggs in a fully matured specimen. Tanabe 
gave several tens to over a hundred eggs for C. armatus and Nishigori 
gave from over ten to as many as 45 for C. formosanus. In C. cuspidatus 
Looss did not mention the number, but from the drawing there are 
roughly 50 eggs. It is likely that this is not the true number but it 
shows that they are numerous. Unquestionably the number of eggs 
depends to a certain extent on the age of the parasite, but this must be 
within a reasonable limit. 

In the present study the age of the fluke as related to the number 
of eggs present in the body at the time of the autopsy of the host has 
been subjected to a careful scrutiny. Table 2 shows the result. Among 
the white rats the number of eggs is over 20 when the parasite is more 
than 10 days old. Thus in the three flukes of 12 days old, 21, 28 and 32 
eggs are found respectively, and in the two flukes of 30 days old, 20 eggs 
are found in each. In other hosts listed in the table, variations are 
somewhat greater in the direction of smaller number of eggs. This is 
particularly true in the 15-day infection in a rabbit in which only four 
eggs are present in each of the two worms studied, and in the 25-day 
infection in a mouse in which the number of eggs present in the 9 speci- 
mens studied varied from one to 7 . Only one worm possesses more tha n 
o2 eggs, i.e., the one in a rabbit of 45-day infection in which one of the 
parasites possesses 48 eggs, the maximum found so far. This must be 
considered unusual. 

This leads us next to a consideration of the definitive host of this 
parasite. Which is the normal host? The data available from various 
sources are not sufficient for a positive answer at the present time. As 
noted in a previous paragraph Nycticorax nycticorax and dogs are natu- 
rally mferted in Formosa, and Bubulcus ibis coromandus and Pyrrer aides 
manilensis in the Philippines. This does not necessarily mean that they 
are the optimum hosts. Natural hosts of this parasite in China have not 
yet been reported. On the basis of experimental data as listed in Table 1 
one can readily see that rats are the most favorable hosts as the percentao-e 
of worms recovered from each of them is greater than in other host’s 
Nevertheless, the number of viable cysts fed to the rats is several times the 
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number of adults recovered from them. This shows that probably rats 
are not the optimum hosts. 

There is also some indication that a certain amount of acquired im- 
munity may be accumulated, since fewer worms are recovered in infec- 
tions of longer standing (see Table 2). More intensive study is needed 
on this phase of the subject. 

Attention must also be called to structures like the prepharynx and 
esophagus which are not only variable but may also be present or absent 
in specimens depending upon the state of contraction in which they are 
fixed. In a flattened or relaxed specimen both of these structures are 

On the other hand if they are active 

structures 

In a somewhat flattened speci- 


present and sometimes rather long 

or killed and fixed when first separated from the host these two 
are either absent or only slightly visible, 
men the prepharynx may be long and slender when the body is extended, 
or short when the body is contracted. Oftentimes the prepharynx cannot 
simultaneously contract with the body, but becomes more or less bent 
to one side forming a pocket. It straightens out immediately as soon as 
the body is again stretched. Occasionally at the contraction of the body 
the prepharynx expands on all sides at its lower part so that from ventral 
or dorsal views it looks as if two. prepharyngeal pockets are formed one 
on each side as seen in the picture of C. cuspidatus (Looss, 1896). Due 
to the varying position of the prepharynx and the pharynx the use of the 
position of the ganglia as a diagnostic character to distinguish C, cuspi- 
datus from C. armatus as maintained by Yamaguti will be of no value. 

The brief discussion shows that eggs possess clear-cut characteristics 
and are most dependable for distinguishing the three species. The status 
of C. cuspidatus caninus cannot be settled until its eggs are re-studied. 
The circumoral spines are important but their variation in number must 
be borne in mind. Other structures are too variable and cannot be de- 
pended on. Table 4 is a compilation of some characters of the various 
species of C<?njfroce’.j to given by various workers. 

The finding of metacercariae of C. formosanus in frogs is of consider- 
able importance. From the biological standpoint it shows that heterophyid 
metacercariae, which have hitherto been known to parasitize only fish in 
this stage, can also infect other hosts of an entirely different group. The 
discovery makes it necessary to modify the diagnoses of the family 
Heterophyidae Odhner, 1914, and the sub-family Centrocestinae 
Looss, 1899. 

From the public health standpoint the discovery is of additional inter- 
est if further work can show that any edible species of frogs, such as 
Raua rugulosa, is involved in this region. Nishigori has already shown 
that this species is transferable to man. In this region, the only fishes 
so far involved are small and not ordinarily used as food but if edible 
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frogs are involved another possible source of human infection exists. 
The writer has good reason to believe that R. rugtdosa may be infected 
and investigation is being carried on in this direction. Considering that 
frog meat is most delicious when cooked in a “lightning’' manner one can 
easily imagine its potential danger. Perhaps Centrocestus in man is over- 
looked because the parasites are very small and the eggs are similar to 
commoner species of human flukes, such as Clonorchis sinensis. 

SUMMARY 

The metacercaria oi Centrocestus jormosamis is described in detail 
for the first time. The parasites encyst chiefly in the gills of four fresh- 
water fishes, nzxntly, Macropodus opercitlaris^ Pimtms semijasciolatu^ 
Carassms aurat'iis, and Misgurnus anguillicaiidaf^^^ and in the stomach 
wall and muscles of a common frog, Rana Ihmtocharis, and a common 
toad, Bufo melanostictus. The experimentally obtained adult together 
with its eggs is also treated in detail. 

As a result of present observations the eggs are believed to be of 
importance in specific diagnosis of the three known species. The num- 
ber of circumoral spines is of value within certain limits because it varies. 
Other morphological structures appear to be undependable for specific 
differentiation of the genus. 

Worms from natural infections of Mus norvegicus and a cat from 
Canton are believed to be C. armatus. 

The importance of C. formosanus from the public health aspect is 
briefly discussed. 

Bibliography 

Africa, C. M., de Leon, W. and Garcia, E. Y. 1940 Visceral complications in 
intestinal heterophyidiasis of man. Acta Med. Philippina No. 1, pp. 1-132. 
Chapin, E. A. 1926 Note on the Heterophyidae. J. Parasitol. 12 : 180. 

Chen, H. T. 1934 Helminths of cats in Fukien and Kwangtung Province with a 
list of those recorded from China. Lingnan Sc. J. 13 : 261-273. 

Faust, E. C. 1937 Helminths and helminthic infections. In Craig and Faust^s 
“Clinical Parasitology,” Philadephia, pp. 2 17-474. 

Faust, E. C. and Nishigori, M. 1926 The life cycles of two new species of 
Heterophyidae, J, Parasitol. 13: 91-128. 

Fuhrmann, O. 1928 Trematoda, in KuekenthaFs “Handbuch der Zoologie,” Ber- 
lin and Leipzig, 2 : 1-140. 

Leiper, R. T, 1913 Seven helminthological notes. J. London School Trop. Med. 

. ■ 2:, 175-178. ■■ 

Looss, A. 1896 Recherches sur la faune parasitaire de TEgypt. 1. Mem, Inst, 
Egypt 3 : 1-296. 

— 1899 Weitere Beitrage zur Kenntniss der Trematoden-Fauna Aegyptens. 

Zool. Jahrb. Syst. 12: 521-784. 

Nishigori, M. 1924 On a new species of fluke, Stamnosoma formosamim, and 
its life history. Taiwan Igakkai Zasshi No. 234: 181-238. (Japanese, 
with English summary.) 


Price, E. W. 1932 On the genera Centrocestus Looss and Stamnosoma Tanabe. 
J. Parasitol. 18: 309. 



CHEM-^CEN'TROCESTUS FORMOSANUS 


297 


? Ransom, B. H. 1921 Synopsis of trematode family Heterophyidae with descrip- 

! of a new genus and five new species. Proc. U. S. Xat. AIiis. 57: 

I , 527-573./ 

Stiles, C. W. and C. E. Baker. 1934 Key-catalogue of parasites reported for 
[■ Carnivora feats, dogs, bears, etc.) with their possible public health impor- 

j tance. Bull. Nat. Inst. Health, U. S. Pub. Health Serv., No. 163, p. 945. 

; Tanabe, H. 1922 Studien ueber die Trematoden mit Suesswasserfischen als 

[ Zwischenwirt. 1. Stamnosonia armatum n. g., n. sp. Kyoto Igaku Zasslii 

’ 19 : 1-14. (Japanese, with German abstract.) 

i Vazquez-Colet, Ana and C. M. Africa 1938, 1939 Determination of the piscine 

intermediate hosts of Philippine heterophjdd trematodes bv feeding experi- 
ments. Philippine J. Sc. 65 : 293-302 ; 70 : 201-215. 

and 1940 Morphological studies on various heterophyid meta- 

; cercariae with notes on the incidence, site, and degree of rnetaccrcarial infec- 

i tion in three species of marine fish. Philippine J, Sc. 72 : 395-420. 

Witenberg, a. 1929 Studies on the trematode family Heterophyidae. Ann. Trop. 
i Med. and Parasitol. 23 : 131-239. 

Yamaguti, S. 1933 Studies on the helminth fauna of Japan. Part 1. Trematodes 
of birds, reptiles and mammals. Japan. J. Zool. 5 : 1-134. 

1938 Zur Entwicklungsgeschichte von Centroccstus armatns (Tanabe) mit 

besonderer Beruecksichtigung der Cercarie. Z. Parasitenk. 10 ; 293-296. 


Explanation of Plate, p. 298 
Centroccstus formosanus (Nishigori, 1924) 

Fig. 1. Adult of Centroccstus formosanus. 

Fig. 2. Oral sucker of adult showing circumoral spines. 

Fig. 3. Oral sucker of adult showing circumoral spines and rodlets. 

Fig. 4. Acetabular region of adult showing anterior portion of seminal vesicle, 
prostate region, ejaculatory duct, metraterm, vagina, and genital pore. 

Fig. 5. Egg showing characteristic latticed design of shell. 

Fig. 6. Abnormal egg of unusual length. 

Fig. 7. Encysted metacercaria. 

Fig. 8. Exeysted metacercaria. 

Fig. 9. Circumoral spines of metacercaria. 

Fig. 10, Ventral view of exeysted metacercaria showing arrangement of skin 
glands. 

Fig. 11. Exeysted metacercaria showing another arrangement of skin glands. 
Fig. 12. Pharynx showing glandular and muscular i:)ortions. 
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OBSERVATIONS ON THE MACROSCOPIC SPECIES- 
IDENTIFICATION OF LARVAL ANOPHELES 
IN GEORGIA^*' 

R. Edward Bellamy 

In most places where routine surveys of local Anopheles distribution 
have been undertaken by large scale collection and identification of larvae 
from nearby aquatic situations, a certain ‘'familiarity’’ with the larvae has 
probably developed. The familiarity, in some cases, has been developed 
into a technique for distinguishing the larvae of the local species by their 
macroscopic appearance. Dr. W. V. King, Bureau of Entomology and 
Plant Quarantine, U. S. Department of Agriculture, related (in lectures 
to malaria entomology trainees at Orlando, Florida, 1937) that Philip- 
pine assistants learned in their country to distinguish macroscopically, 
with a high degree of accuracy, the larvae of different species of Anophe- 
les occurring there. Dr. Arnaldo Gabaldon, Division de Malariologia, 
Direccion de Salubridad Publica, Ministerio de Sanidad y Asistencia 
Social, Caracas, Venezuela, stated (in personal communication) that, in 
Venezuela, sanitary inspectors may learn to distinguish macroscopically 
the larvae of anopheline species encountered in a small area but that this 
ability is lost if they are transferred to a new area. Dr. D. Bruce Wilson 
states (in a manuscript report to the International Health Division of the 
Rockefeller Foundation, 1940) that in the campaign against Anopheles 
gamhiae in Brazil, a technique was developed for distinguishing macro- 
scopically the larvae of this species from larvae of the Brazilian Anopheles 
of the subgenus Nyssorhynchus. D. Manson (1934) has tabulated cer- 
tain macroscopically visible characters of the larvae of eighteen species of 
Indian Anopheles as an aid to the macroscopic identification of these 
forms, and states that with a short period of training and attention to 
detail one may learn to distinguish larvae of the more common species of 
Assam Anopheles “with a considerable degree of accuracy.” 

A few months after inauguration of Anopheles survey work in South 
Georgia, it was noted that the presence or absence of larvae of Anopheles 
quadrimaciilatus in collections was usually correctly anticipated in the 
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field, and that in mixed collections of A. qiiadrimacula^^^^^ and A. crucians 
the specimens of the two species could be separated rather successfully 
eye” before the routine determinations by microscope. Larvae of 
A, punctipennis were not found in abundance during this- period, and (as 
microscopic determinations revealed) were “by eye” often mistaken for 
larvae of A. quadrimactilatiis and occasionally for larvae of A. crucians. 
Because of the difficulty of distinguishing by eye certain larvae of A. 
punctipennis irom certain larvae of the other two common species, it 
appeared that mistakes in maci'oscopic identification might be reduced to 
a minimum if these “difficult” larvae could be separated by eye as such, 
and only the remainder of the larvae identified macroscopically to species. 

After about a year of field experience, a program was inaugurated to 
check against microscopic determinations the macroscopic identification 
of all routine collections of fourth-instar Anopheles larvae. At the outset 
of the study, it was decided that each fourth-instar Anopheles larva taken 
in routine work was to be assigned from its macroscopic appearance (and 
before examination by microscope) to one of the following groups or 
designations: 

Group 1. Larvae macroscopically identified as A. quadrimaculatus. 

Group 2. Larvae macroscopically identified as A. 

Group 3. Larvae macroscopically identified as A. punctipennis. 

Group 4. Larvae macroscopically “difficult” but considered from 
macroscopic appearance to be either A. quadrimaculatus, A, punctipennis, 
or A, zvalkeri. 

Group 5. Larvae macroscopically “difficult” but considered from 
macroscopic appearance to be either A. crucians, A, punctipennis, ox 
A, georgianus {Anopheles georgianus was recognized as an entity at the 
time (Bellamy, 1939) although it was not described until later (King, 
1939) and subsequently raised to specific status (King and Bradley, 
1941)). 

Group 6. Dead and injured fourth-instar larvae. 

The “difficult” larvae were to be assigned to groups 4 and 5, but here 
also a partial separation was attempted in that no provision was made for 
A. crucians in group 4 and none was made for A. quadrimactilatus in 
group 5. As dead and badly injured larvae do not exhibit the character- 
istics which aid in macroscopic identification, no attempt was made to 
identify these by eye. 

Microscopic determinations to check all macroscopic identifications 
were planned as routine. 

No provision w^as made for recording the macroscopic identification 
of Anopheles barberi, but with the peculiar appearance and habitat of this 
species little or no doubt has existed as to the identity of specimens when- 
ever they have been encountered and, as only special collections from 
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braekish-water areas contained specimens of A. atropos and A..bradleyi 
no provision was made for macroscopic identification of these larvae. 


PROCEDURE 

The collected fourth-instar larvae of Anopheles were brought from the 
field to the laboratory and there on examination by the unaided eye were 
assigned to the various groups explained above. The larvae were then 
placed in individual depressions in a porcelain color plate and were de- 
termined by the recognized microscopic characteristics (Bradley, 1936) 
(chaetotaxy) with a binocular dissecting microscope. On microscopic 
determination, the larvae were recorded by number of each species under 
the macroscopic designations (groups) as assigned. In almost all cases 
the microscopic determinations were accepted as final. Occasional larvae 
were reared as supplementary check, but in no case was the identification 
of larva by microscope reversed. During the first year of this study, the 
collected first-, second-, and third-instar larvae were reared to the fourth 
larval instar and then treated as the larvae which were fourth instar at 
first examination of the collections. 


MACROSCOPIC IDENTIFICATION OF ROUTINE SURVEY COLLECTIONS 

111 the preliminary recorded check of macroscopic recognition of the 
specific identity of larval Anopheles, 821 living and 10 dead or injured 
fourth-instar larvae were examined in 48 collections from as many dififer- 
ent ponds and swamps in Calhoun County, Georgia. Almost immediately 
following the preliminary test in Calhoun County, a similar test was made 
on collections in Burke County, Georgia, with very similar results ob- 
taining, although the two counties are almost 200 miles apart. Following 
these tests, only sporadic attention was given to macroscopic identifica- 
tions. Thus, in a period of more than a year, further macroscopic identi- 
fications w^ere checked on only 2460 fourth-instar larvae in 157 collections 
from 15 different Georgia counties, though several hundred collections 
were- made during this period. * 

The results of the macroscopic identification of these larvae are pre- 
sented in Table 1. It may be observed that in the collections from IS 
different counties, larvae of Anopheles pnnctipennis predominated and a 
proportionately higher error was made in the macroscopic identification 
of larvae in these collections than was made in identification of the Burke 
and Calhoun County collections in which relatively few larvae of A. 
pnnctipennis were encountered. 

Summary of the Calhoun, Burke, and miscellaneous collections (Table 
1) shows that macroscopic identification of 4217 routinely collected 
fourth-instar anopheline larvae was attempted. Two hundred ninety- 
nine or 7.1% of these larvae were assigned to the “difficult” groups, 
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while 3911 (92.9%) were inacroscopically identified to species with only 
a 1.1% error, a macroscopic misidentification of 45 specimens. The 
error was distributed as follows: of 1570 larvae called A. quadrimacu- 
latus, tvroT of 1.0% (IS specimens) w^as made; of 1062 larvae called 
A, punctipennis, an error of 2.5% (27 specimens) occurred; and of 1279 
larvae called crticians^ an error of 0,2% (3 specimens) was made. 

With less than two months of field experience with anophelines, Dr. 
G. G. Sadler, then a Biologist in the Division of Malaria and Hookworm 
Service of the Georgia Department of Public Health, attempted macro- 
vscopic identification of the 747 fourthriiivStar larvae taken in his first 70 
collections in Burke County, Georgia. The results are presented with 
his permission and show that the macroscopic identification can be suffi- 
ciently learned in a short time to permit a relatively good record in the 
identification of larval 

With the exception of one lar\^ which was placed in a “difficult' 
group, all larvae w^ere assigned by eye to group 1 (A. quadrimaculaHis) , 
group 3 {A. criicians)j or group 6 (dead and injured larvae). It is 
significant that 23 of the 28 A. punctipennis which were taken in these 
collections w^ere recorded in group 6 while only 31 of 377 A, quadrimacu- 
latus SiXid 56 of 333 A, cmcians were placed there. Macroscopic identi- 
fications were quite obviously attempted on only those larvae which 
appeared either to be qiiadrimamlatus or A. crucians. 

In calling 637 larvae from their macroscopic appearance, Dr. Sadler 
made an error of less than 6.5% although his previous experience with 
anophelines consisted of only three weeks of study with the writer and 
another month of individual study. The identifications are analyzed in. 
Table 1. 







IMPORTANCE OF KNOWING THE HABITAT FROM WHICH LARVAE 
WERE COLLECTED 

There is little doubt that knowledge of the field conditions obtaining 
where the various collections of larvae on which the above tests of macro- 
scopic identification were made was of considerable assistance toward the 
correct macroscopic identification of the larvae. In order to evaluate the 
significance of the habitat-association factor, seven malaria workers (Dr. 
H. O. Lund, Dr. H. E. Savely, Dr. G. G. Sadler, and Mr. Alan Donald- 
son, Summer Biologists, and Mr. R. S. Howard, Jr., Malaria Investi- 
gations Engineer, all of the Division of Malaria and Hookworm Service, 
Georgia Department of Public Health; and Mr, M, H. Goodwin, Jr. and 
Mr. John Platt, Biologist and Summer Biologist, respectively, of the 
Emory University Field Station, Newdon, Georgia) variously experi- 
enced in malaria entomology, assisted the writer in a wholesale collection 
of anopheline larvae. The men separated into four groups and the col- 



Table 1. — Distribution (determined by microscope) of macroscopically identified 4th-instar lat'val Anophelei 
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lections wei'e made at varied habitats in four different counties in order 
that there might be, as nearly as possible, an equal and diversified repre- 
sentation of the three common species. The larvae were collected on two 
successive days and, when brought to the laboratory, were thoroughly 
mixed. 

After completion of these collections, a person inexperienced in 
macroscopic identification of anopheline larvae pipetted representative 
fourth-instar specimens individually from the assorted lot to numbered 
depressions in porcelain color plates. Eight plates were used and each 
plate had twelve depressions; thus, with one larva in each depression, 96 
specimens were available at one time for macroscopic identification. 
Woi'king independently, the writer and the three of the malaria workers 
mentioned above who had had some experience in the techniques of 
macroscopic identification applied themselves to the identification and 
recording of these sets of larvae by the unaided eye, while the other 
workers, as the plates of larvae were rotated to them, determined the 
same laiwae by microscope and recorded the results. The macroscopic 
identifications were checked against the determinations by microscope 
after all the identifications were complete on the series of 96 larvae. 
These specimens were then discarded and a second series of larvae was 
similarly selected, identified, and checked. In this manner eleven series 
of larvae, totalling 1056 specimens, were checked. The four malaria 
workers who had had little or no experience in the techniques of macro- 
scopic identification alternately attempted macroscopic identification of 
about 200 larvae each. 

According to the determinations by microscope, the 1056 fourth- 
instar larvae consisted of 328 A. crucians, 427 A. qtiadrimaculaU^^^ (in- 
cluding 2 doubtful specimens), 295 A. pnnctipennis (including 12 doubt- 
ful specimens), 3 A. zvalkeri, and 3 specimens which were either A. 
quadrimaciilafns or A. punctipennis. These last three failed to rear to 
adults as check and were scored as follows : if in the macroscopic identifi- 
cations they were designated either as A. quadrimactdatus or as A. 
ptmctipennis they were subtracted from the total and were not considered 
—otherwise they were counted in the total as mistakes. 

The writer assigned 2.2% of the larvae to difficult groups and made a 
3.8% error in the macroscopic identification of the other 1030 specimens 
(a misidentification of 39 larvae) , The errors made by the other workers 
ranged from 18.8% to 55.3%. The analysis of these macroscopic identi- 
fications (for the writer and two other workers) is shown in Table 1. 

The fact that the error made in the macroscopic identification of the 
mixed series of larvae (3.8%) was greater than that made in identifica- 
tion of routine field collections indicates that the habitat-association factor 
is of some assistance to correct macroscopic identification. The charac- 
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teristics of service in macroscopic identification of larvae, however, are 
most distinct when specimens are in the field or have only recently been 
brought from the field (a fact also observed by Manson (1934)), and 
some of the specimens in the mixed series had been collected two days 
before macroscopic identification of them was attempted. This must 
account in part for the higher error in the identification of the assorted 
larvae. 

MACROSCOPIC IDENTIFICATION OF PUPAE AND THIRD-INSTAR LARVAE 

Immediately following the macroscopic identification of the 1056 
fourth-instar larvae, all third-instar larvae which were present in the 
lax'ge mixture of collections were separated by eye into three groups, 
were placed in three jars, marked qiiad^Amaculattis/' ''A. piinctipen- 
nisA and T4. cm dans A respectively, and were fed yeast; n“o specimens 
were assigned to “difficult” groups. All of the pupae present in the 
mixture of collections were similarly sorted into three jars marked like 
those for the third instar larvae ; provision was made for the retention of 
adults as they emerged. Subsequently, Mr. M. H. Goodwin, Jr. identi- 
fied the pupae as emerged adults and the larvae by microscope as the 
latter transformed to fourth instar. According to Mr. Goodwin’s ob- 
servations, the results of the macroscopic identification of the third-instar 
larvae were as follows : 

Of the 115 third-instar larvae macroscopically designated as A. 
qimdriniaciilattis 70 reared to fourth-instar A. qiiadrimacidatus, 5 to 
fourth-instar A. pane tip ennis, and 2 to fourth-instar A. criicians, while 
2 were unidentified and 36 died as third-instar. 

Of the 88 third-instar larvae macroscopically designated as Al. pimetL 
pennis 72 reared to fourth-instar A. pmictlpennis, 1 to fourth-instar A. 
quadrimac'idatus, and 3 to fourth-instar A. crucians, while 12 died as 
third-instar larvae. 

Of the 186 third-instar larvae macroscopically designated as A. cru- 
cians 70 reared to fourth-instar A. crucians, 2 to fourth-instar A. puncfl- 
pennis, and none to fourth-instar A, qiiadrimaculatus, while 4 were 
unidentified and 1 10 died. 

If the larvae which died as third-instar are disregarded and the six 
larvae which were not identified by microscope are counted as mistakes, 
an 8.2% error was made in the macroscopic identification of 231 third- 
instar larvae from the assorted lot ; if the six unidentified larvae are dis- 
regarded along with those which died as third-instar, the error is less 
than 5.8%. 

From the pupae, Mr. Goodwin identified reared adults as follows : 

Pupae macroscopically identified as A, quadrimacidatiis reared to 88 
A. qiiadrimaculatus, 14 A, crucians, and 13 A, punctipennis adults. 

Pupae macroscopically identified as A. punctipennis reared to 25 A. 
punctipennis, 21 A. quadrhnaciilatus, and 31 A. crucians adults. 
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Pupae macroscopically identified ks A. critcians reared to 36 A. cru- 
cians, 13 A, quadrimacid^^ and 9 A. pimctipennis adults. 

The error in the attempted macroscopic identification of pupae was 
40.4%, somewhat better than chance but an exceedingly large error. 

Previous checks of macroscopic identification of pupae and third- 
instar larvae gave similar but much better results in the case of the pupae 
and somewhat better results in the case of the third-instar larvae. How- 
ever, in these earlier checks knowledge of the identity of the fourth-instar 
larvae in the collections with the pupae and tbird-instar larvae un- 
doubtedly served as a valuable guide to the correct guessing of the 
identity of these latter. 

While the experience in macroscopic identification has largely con- 
sisted of id.entification of collections of larvae from southwest Georgia 
counties, the macroscopic method has been checked against collections of 
anophelines from Geoi-gia counties bordering the Atlantic Ocean, South 
Carolina, Tennessee, Alabama, and Florida. No significant difference 
was noted in the macroscopic appearance of larvae from these different 
counties, 

CHARACTERISTICS EMPLOYED IN MACROSCOPIC IDENTIFICATION 

The Table of Characteristics (Table 2) given here is the result of 
impressions from three years of observations of larvae and 

does not represent results of tabulations of numbers of specimens of the 
different species in the different color phases, etc. Indeed, the grada- 
tions in coloration, arrangement of the white dorsal spotting, and the 
other characteristics would apparently form such a complete series of 
varieties that an attempted classification on which to base a tabulation of 
specimens would be exceedingly difficult to establish or, once established, 
to follow. 

As already indicated, a knowledge of the type of habitat from which 
larvae are taken helps much in making decisions as to their identity. 
Most helpful of all, certainly, is familiarity wfith the larvae — the more 
different “macroscopic types’’ of larvae with which one is familiar, the 
better prepared will he be to identify macroscopically a given collection 
of larvae. 

In a tabular analysis of diagnostic macroscopic characters of the 
larvae of the more common Anopheles species of Assam, Manson (1934) 
uses general body coloration, general body size, color and size of head, 
pattern of spotted markings on dorsum, and degree of serration of ab- 
dominal outline. 

No mutually exclusive characteristics have been found which will 
serve to distinguish macroscopically all of the larvae of any of the common 
Georgia species of Anopheles from all the larvae of any other species. 
However, some specimens of each species exhibit characteristics which 
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are considered diagnostic, and on a combination of characteristics, many 
specimens can be given a macroscopic identification sufficiently reliable to 
leave little doubt as to its correctness. 

In some cases it has been rather difficult to decide just what macro- 
scopic characteristics have been employed in the separation of larvae of 
different species when the macroscopically visible differences between 

Table 2. — Table of macroscopic characteristics of 4th4nstar Anopheles larvae 


General 

coloration 


Presence of 
dorsal lin- 
ear white 
markings 


a. quadrimaculatm 

Majority yellow, green, 
or greenish ; many 
dark brown or black. 
Head of most light- 
colored specimens 
orange red, paler pos- 
teriorly (such speci- 
mens usually have 
broad light area involv- 
ing anterior margin of 
thorax thus continuing 
posterior “paling out'’ 
of head coioration. 


Often present, espe- 
cially on yellowish 
and dark specimens. 


Pattern of Arranged as a central 

white or linear band or segments 

light dorsal of such a band. In 

linear many specimens band 

markings widens anteriorly on 

thorax to form broad 
triangle with base 
along anterior thoracic 
margin. At abdominal 
segments 3 and 5 light 
color concentrations 
diamond shaped. 

(Karely, light spotting 
on a specimen limited 
to a pair of whitish 
marks on abdominal 
segments 3 or 5 — al- 
though a dark area 
may separate these 
marks, they do not lie 
parallel but can be 
seen to represent the 
anterior margins of a 
more or less obscured 
“diamond spot”). 

Activity Variously lively or 
lethargic in feeding 
and swimming at 
water surface, but j 
rarely “nervous.” 


“S”-shaped 
flexure at 
water 
surface 


Majority of specimens, 
while at water surface, 
will contract body into 
“S” shape — especially 
if container in which 
they are placed is 
gently agitated. 
(“S”-shaped flexure 
usually relaxed after 
about one minute.) 


A. punctipennis 

Majority dark brown 
or black ; some light 
green ; (specimens 
from shallow, tur- 
bid puddles usually 
grayish). Light 
specimens with red- 
dish head not un- 
common but head of 
these rarely lighter 
posteriorly or bor- 
dered by light colora- 
tion on anterior mar- 
gin of thorax. 

Sometimes present; 
grayish specimens 
from turbid • puddles 
almost all with some 
dorsal pattern. 

Arranged as a central 
linear band or seg- 
ments of such a band. 
Whitish coloration 
widening anteriorly 
on thorax to form 
broad triangle in 
very few specimens. 
Light color concen- 
trations at abdominal 
segments 3 and 5 dia- 
mond shaped (bicol- 
loroiis “diamond 
spots” characteristic 
of grayish specimens 
from turbid puddles). 


Characteristically 
“nervous,” exhibit 
rapid feeding mo- 
tions, and move 
quickly and fre- 
quently from one 
place to another 
(particularly when 
confined in a 
container). 

Many specimens, 
while at water sur- 
face, will contract 
body into “S” shape 
— especially if con- 
tainer in which they 
are place is gently 
agitated. 


A, cruciavs 

Majority dusky brown, 
dark brown, or dark green. 
Some dull green specimens 
-with reddish head but 
head of these not lighter 
posteriorly and rarely if 
ever bordered by white 
area on anterior margin 
of thorax. 


Often present but to mini- 
mum extent on most speci- 
mens. 


Characteristically ar- 
ranged in two, usually 
thin, parallel dorso-linear 
stripes or paired segments 
of the stripes. Whether 
white coloration consists 
of continuous lines, sev- 
eral paired segments of 
the lines, or a mere pair 
of light parallel dashes on 
abdominal segment 3 or 
5, a narrow, central linear 
dark area separates the 
coloration (in almost all 
specimens) into bilaterally 
symmetrical halves. (Any 
white coloration not cen- 
trally divided consists of 
segments squared at the 
ends — never “diamond 
shaped.”) 


Characteristically lethar- 
gic not lively in swim- 
ming along water .surface 
or in feeding motions. 


Specimens never exhibit 
“S”-shaped flexure (oc- 
casionally specimens rak- 
ing mouth bruslies on 
comb of eighth abdominal 
segment or turning head 
under abdomen nearly 
simulate “S”-shaped 
flexure). 
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T ABLE 2. — ( Continued ) 



A. quadrimaculatus 

A. pimetipennis 

A. crucinns 

Helation 
to surface 
film 

Specimens may be dis- 
lodged from contact 
with surface film by 
sharp blows on con- 
tainer in which they 
are placed. Most dis- 
lodged specimens apply 
mouth parts to spirac- 
ular plate while sink- 
ing downward of own 
body weight ; some 
swim down\vard volun- 
tarily ; others return 
more or less abruptly 
to surface. 

Specimens are dis- 
lodged from contact 
with surface film 
with much difficulty, 
h 0 we ver , f righ tened 
specimens usually 
release contact with 
surface film and swim 
to bottom voluntarily 
— -and often abruptly 
back to surface with- 
out resting at bot- 
tom (specimens 
wiiich lose contact 
with surface film will 
rarely sink to bottom 
of own body weight) . 

Specimens are easily dis- 
lodged from contact with 
surface film by sharp 
blows on container in 
which they are placed. 
Usually dislodged speci- 
mens assume a rigor with 
anterior and posterior 
ends bowed dorsally to 
form a rough arc or 
crescent and in this con- 
dition sink downward of 
their own body weight. 
Specimens only rarely 
swim forcibly to bottom 
when disturbed in a 
container. 

Head out- 
line and 
angle of 
antennae 

Head appears large and 
square : antennae ap- 
parently make at least 
45-degree angle with 
longitudinal axis. 

Head appears small 
and rounded ; anten- 
nae usually not con- 
spicuous. 

Head ai>pears rather 
“egg-shaped,” elongate, 
and broader posteriorly 
than anteriorly. Anten- 
nae apparently make less 
than 45 degree angle with 
longitudinal axis. 

Thoracic 

outline 

Thoracic outline 
( especially “shoul- 
ders”) appears 
squared. 

Thoracic outline 
(especially “shoul- 
ders”) of most speci- 
mens appears 
rounded. 

Thoracic outline appears 
oblong without markedly 
abrupt right angles at 
“shoulders.” 

Appear- 
ance of 
abdomen 
( viewed in 
dorsal 
aspect) 

^Margins of abdomen 
appear quite serrate. 

Margins of abdomen 
appear moderately 
serrate. 

Margins of abdomen ap- 
pear as series of evenly 
rounded humps. 

Size and 
proportions 

Many specimens large 
and robust. 

Many specimens 
rather small and 
delicate. 

Most specimens of aver- 
age size ; larger speci- 
mens appear elongate 
and loosely constructed. 


them have appeared to be poorly defined. As dififerences that may seem 
to be of a rather trivial nature have been employed in some such cases and 
in a supplementary capacity quite often, these differences have been in- 
cluded in the Table of Macroscopic Characteristics. Characteristics are 
given in the Table as typical of most larvae of a given species when some 
larvae of that species have been observed which have not exhibited these 
characteristics ; in fact, certain specimens possess some attributes that are 
considered typical of larvae of one species and other attributes that are 
characteristic of larvae of another — these are the larvae that in practice 
have been considered difficult,” and identification of these cannot be 
successfully effected without resort to the microscope unless more reliably 
diagnostic characteristics can be discovered. The mistakes that have 
been made in the macroscopic identifications (as shown in Table 1) have 
probably resulted in part from an occasional hasty or careless application 
of the macroscopic criteria to specimens to be identified but in other cases 
represent exceptional specimens of one species which exhibited a prepon- 
derance of the characteristics which are considered to be indicative of 
another species. In general, the larvae of Anopheles ctuciclus and A. 
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g e or gianits stem to have less in common with larvae of A. qiiadrimacti- 
latus, A. pimctipennis, and A. imlkeri thmi do these latter with each other. 

The reference to color in the Table of Characteristics as of some 
diagnostic assistance is based on the rough proportions of larvae of each 
species that have been observed in the various listed colors or shades of 
color since each color has been found represented by at least a few larvae 
of each species. The nature of the dorsal white-spotted coloration of 
specimens thus spotted is of more diagnostic value than general body 
color, especially for separating larvae of A. crucians from those of the 
other species. Boyd (1930, p. 203) notes that this spotting on anopheline 
larvae has been considered diagnostic by some, and Manson (1934) finds 
these markings of assistance in distinguishing larvae of Indian Anopheles 
in Assam. Some larval specimens of each species exhibit this pattern of 
central dorso-linear white-spotting which may either be in the form of a 
continuous stripe (or paired stripes) or in the form of one or more seg- 
ments or portions of the stripe. When limited to segments of the stripe, 
these will be at abdominal segment 3, abdominal segment 5, or on the 
thorax, and in specimens which have the complete stripe, any concentra- 
tions or broad areas in the stripe will be at one or more of these points. 

MACROSCOPIC CHARACTERISTICS OF 4tH-INSTAR LARVAE OF THE 
LESS COMMON SPECIES 

Too few specimens of the larvae of A. walkeri and A, georgiamis 
have been observed since the significance of macroscopic appearance was 
recognized to allow for a very complete analysis of the various macro- 
scopic characteristics of these larvae. In general, the larvae of A. zvalkeri 
appear more similar to larvae of A. quadrimacidaUis than to those of the 
other species. The dorsal white coloration on the spotted specimens 
consists, as in A. quadrifnaculatiis and A. punc tip ennis, of a central linear 
band or portions of the band, but on many specimens has been noted to 
branch anteriorly on the thorax to form a narrow-armed i\t the 

water surface, specimens often contract into an “S'’ shape as do A. 
quadrimacidafus and A, punc tip ennis. In shape of head and body out- 
line and proportions, most specimens appear similar to larvae of A. cru- 
cians although some specimens appear more similar to larvae of A. 
quadrimaculatus in these respects. 

Laiwae of A, ge or gianus appear generally similar to larvae of A. 
although those of the former species seem to exhibit less white 
coloration dorsally and to be more inclined to swim voluntarily to the 
bottom when disturbed. 

SUMMARY 

Following a period of relatively intense study in Georgia of the 
macroscopic appearance of fourth-instar larvae of Anopheles quadrnnacu- 
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laths, A. crucians, and to a lesser extent of A. punctipennis, Georgia 
specimens of these species were distinguished without magnilication with 
a rather liigh degree of accuracy. A small percentage of specimens were 
found to present an appearance which made decisions as to their identity 
difficult. Aiter t^vo years of experience with the macroscopic character- 
istics of the larvae of Georgia anophelines, an error of nearly 4% was 
made in the attempted macroscopic identification of over a thousand 
larvae consisting of a mixture of nearly equal numbers of specimens of the 
three common species. Third-instar specimens were distinguished with 
a slightly higher percentage of error. 

The fact that no table of mutually exclusive macroscopic character- 
istics has as yet been prepared which will serve satisfactorily to separate 
the larvae of the three species and that an attempted analysis of the 
characteristics employed in such a separation is largely based on relative 
appearance, indicates that (for the present at least) identification of the 
larvae by e}'e cannot be made a reliable substitute for the commonly em- 
ployed identification by microscope that is based on the larval chaetotaxy. 
However, an ability to recognize the majority of larvae of the several 
species when encountered in the field can be achieved with practice, and 
may be employed to much advantage in studies of the associations of the 
larvae of each species with various aquatic “microhabi tats. Thus when 
larvae are collected from a variety of different vegetations and other 
habitats in a single pond, subsequent discovery by microscopic determina- 
tions alone that three species are represented in the collection will not 
reveal much as to the exact situations from which specimens of the differ- 
ent species were taken ; while a macroscopic field recognition of these 
larvae as the collecting proceeded would reveal the species of the larvae 
present in each type of vegetation or other habitats and the relative pro- 
portions in which they occur in each ; subsequent determinations by 
microscope would check the identifications made in the field. Also, it is 
often a distinct advantage in practical survey work to know while in the 
field, and with a fair degree of certainty, of just what species a given 
collection of larvae may consist. 
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A PARASITE OF THE MACRONUCLEUS OF VORTICELLA 

Hai^old Kirby 

Department of Zoology, University of California, Berkeley 



In a sample of water from each of two water troughs used by horses 
at the Frances Simes Hastings Natural History Reservation, Monterey 
County, California, many specimens of Vorticella were found with the 
macronucleus parasitized by bacteria. By comparison with the taxonomic 
accounts by Noland and Finley (1931) and Kahl (1935) the species of 
ciliate seemed to be F. similis Stokes. I am indebted to Dr. J. M. Lins- 
dale, Director of the Reservation, for the collections of water containing 
the ciliates. The names of the troughs in the following paragraph are 
those used by him in the geographical I’ecords of the Reservation. 

The first sample was obtained from Upper Barn Trough on February 
5, 1941. Upon examination of floated coverglasses on the following day 
I found numerous specimens of Vorticella^ and all of them had parasitized 
macronuclei. Those observed on the next day also w^ere all parasitized, 
but the number had greatly decreased. The ciliate was present in a 
collection made from the same trough on February 13, but no nuclear 
parasites were found. The second sample with parasitized Vorticella was 
obtained from Cow Pasture Trough on March 29, 1941 ; in this material 
there were also many unparasitized specimens. 

In the living ciliates, the hypertrophied nuclei provided an indication 
of the presence of the parasites, which on close examination could easily 
be seen as small refractile rods (Fig. 3) . One specimen with a parasitized 
nucleus was seen in fission, with the macronucleus in a dumb-bell form. 
Fission was completed while the specimen was watched. Detailed studies 
of the parasite were made in Schaudinn-fixed, iron haematoxylin-stained 
preparations. 

When not parasitized, the greatly elongated macronucleus has a vary- 
ing width that often is about 4-5 p. Nuclei only a little thickened, and 
with few scattered parasites, were seen. In many instances the para- 
sitized macronucleus had a width of 10, 13, or more microns, usually 
retaining its elongated form. At an extreme, of hypertrophy, it had 
become a large ellipsoidal body measuring about | the length of the ciliate 
and I of its width. In one specimen the parasitized macronucleus had 
fragmented into two rounded bodies, one with a diameter of 23 p and 
the other of IS p. 

There is a marked alteration of the substance of the macronucleus 
even when the parasites are present in small numbers. Nuclei not para- 
sitized contain numerous close-set, deep-staining, relatively large granules 
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of cliromatin (Fig. 1). In parasitized nuclei on. the same slides the 
macroiiuclear substance is gray, and its texture at moderate magnifica- 
tion seems about liomogeneoiis. At the highest magnification it may be 
seen to be alveolar or obscurely granular, but there is no sharp resolution 
of structure like that of the normal nucleus. 

The parasites are deep-staining rods, straight or slightly curved in 
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Fig. L a portion of the normal macronucleus of VorticeUay showing deep- 
stained chromatin granules. ' 

Fig. 2. Macronucleus of Vorticella parasitized by bacteria, and hypertrophied 
most in the region where there are most parasites. A few bacteria of the same form 
are in the cytoplasm just outside the macronucleus. 

Fig. 3. Macronucleus heavily parasitized with evenly distributed bacteria. All 
the parasites are fusiform; those that appear as granules are represented as seen 
from the end. 

All figures x 1275. Fixation Schaudinn. Stain Heidenhain’s iron haematoxylin. 

In preparation of these figures, assistance rendered by personnel of Work 
Projects Administration, Official Project 65-1-08-113, Unit C 1, is acknowledged. 

form, and homogeneous in so far as demonstrated (Fig. 3) . Their length 
ranges from about 0.5 p to 1.5 p. Some of the rods have pointed ends 
and a neat spindle form. Others are rounded at one or both ends. Each 
rod lies in the substance of the macronucleus in a vaguely defined clear 
area. They are oriented in all directions, and in most instances observed 
were uniformly distributed throughout the macronucleus. In several 
specimens the parasites were for the most part grouped in one region of 
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the nucieiis. This part of the nucleus was more greatly enlarged than 
the part with few parasites. Occasionally a few parasites were foiiiid to 
lie outside the macronucleus, but in contact with it (Fig. 2). 

Numerous vorticellas with parasitized nuclei were studied, and in 
none were there rods of larger size than those described above. 

Parasites of the macronucleus of ciliates have been recorded by many 
authors. The most frequently reported parasite is of the Flolospora type. 
This organism was observed in Paramecium caiidatum by Muller (1856), 
Balbiani (1861), and many others. (See review by Kirby, 1941.) Re- 
cently it has been studied by Wichterman (1940). It may reach a length 
surpassing 20 p ; Fiveiskaja (1929) reported a maximum’of 30 p. There 
are stages in development that are spindle-shaped and only 3-6 p long, 
but these develop rapidly into the larger forms (Fiveiskaja). Stein 
(1867) reported threads much like those in the nucleus of Paramecium 
in Pleuronema chrysalis and Enchelyodon farctus. 

Parasites of smaller size were found in macronuclei of Chilodon 
cuculhilus (4 p long, according to Engelmann, 1862) ; Blepharisma 
tomVfa (Engelmann, 1862); Stentor roeselii (3. 7-5. 6 p, Stein, 1861, 
1867) ; and S, polymorphus (6 p, Balbiani, 1893). These parasites had 
in common differentiation of at least some forms for part of the length 
into a denser, more refractile substance, with the remainder a clearer 
substance. This differentiation is characteristic of Holospora. Engel- 
mann (1876) reported in Stylonychia mytilus enlarged bodies that seem- 
ingly were nuclei or nuclear fragments, wdiich were densely infested 
with cylindrical or biscuit-formed bacteria at most 3 p long, ranging 
down to “1“ this size. The same bacteria, he stated, were abundant in 
the water. 

I have found no record of parasites of the nuclei of species of the 
genus Vorfic el la. In the taxonomic accounts by Noland and Finlay 
(1931) and Kahl (1935) nuclear parasites are not mentioned. The 
authors must have observed a great deal of material, and their failux^e 
to record the parasites must indicate that they are not a common occur- 
rence. For other peri trichs, there seems to be only the report by Greeff 
( 1871 ) of rods in the macronucleus of Epistylis flavicans. He recognized 
that these structures were similar to those previously described in 
Paramecium. 

A unique niacronuclear parasite was found in Prorodon by Stein 
(1867), Svec (1897), and Kahl (1930). Stein noticed in the unenlarged 
macronucleus of Prorodon teres spindle-shaped bodies parallel to one 
another and attaining 36 p in length. Svec named a new species, P. nu- 
the macronucleus of which contained 4 or 5 large rods. Kahl 
stated that similar rods are found at times in various species of Prorodon, 
and must be regarded as parasites. 
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So far as I have been able to learn, the minute bacteria that I have 
observed in the macronucleus of the species of Vorticella are not the same 
as any nuclear parasite hitherto described. The parasite causes structural 
alteration and hypertrophy of the macronucleus. 
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FURTHER STUDIES UPON THE CHEMISTRY OF 

MACRACANTHORHYNCHUS HIRUDINACEUS 

Theodor VON Brand AND Jean Saurwein 

Department of Biology, The Catholic University of America, Washington, D. C., and 
Department of Chemistry, Barat College, Lake Forest, 111. 

In two previous papers (von Brand, 1939, 1940) some aspects of the 
chemical composition of Macracajifhorhynchiis hirudinaceus were dis- 
cussed. The present study is an extension of these investigations and 
deals with the polysaccharides and some inorganic constituents occurring 
in the worms. 

THE POLYSACCHARIDES 

As stated previously (von Brand, 1939) a polysaccharide can be iso- 
lated from these parasites in fairly large quantities by Pflueger's pro- 
cedure. It gives typical glycogen reactions (opalescence of the aqueous 
solution, deep brown-red color with iodine, sugar identified as glucose 
after hydrolysis). However, upon digestion with filtered saliva, a small 
indigestible fraction was found which gave no color reaction with iodine 
and reduced Feliling’s solution only after hydrolysis with hydrochloric 
acid. Since it was clearly not glycogen, the only polysaccharide so far 
described from any parasitic worm, it seemed of interest to extend these 
observations. 

The crude polysaccharide was isolated from about 500 gm of freshly 
collected worms by Pflueger’s method. It was further purified by heating 
for two hours on a boiling water bath with 60% KOH, following which 
it was precipitated with alcohol once from alkaline, once, after filtration, 
from acid and four times from neutral aqueous solution. It was then 
washed repeatedly with 96% alcohol, 100% alcohol, and ether, and the 
whole purification process repeated once more. The yield was 4.5 gm 
of a pure white powder, readily soluble in water with strong opalescence. 
It was nitrogen-free (no Prussian blue precipitate was obtained on treat- 
ment of the filtrate of the sodium fusion of the polysaccharide with ferrous 
sulfate, ferric chloride and hydrochloric acid), and it was practically 
ash-free. 

Of this substance, 200 mg were dissolved in 25 ml of distilled water and 
the optical rotation determined in a 1-dm tube. 

25" C;Na light (D) 

Zero reading == -- 0.07" 

Optical rotation = 4- 1.43° (-0.07") 1.50" 

20 lS0°x25 

. XTC" — ■=,+To/.0 
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This is somewhat less than the most reliable figure for glycogen 
20 

a— = ^ 196.6°, according to Gatin-Gruzewska, 1904). 

The material was then digested for 24 hours with filtered saliva at 
37° C, bacterial growth being prevented by addition of a few drops of 
toluene to the solution. The indigestible fraction was isolated by pre- 
cipitation with alcohol. After reprecipitation it was heated for two hours 
on a boiling water bath with 60% KOH, precipitated with alcohol one 
time each from alkaline, acid and neutralized aqueous solution. It was 
then digested again, and the purification process outlined above was 
repeated, 

A small amount of white material resulted which gave an opalescent 
aqueous solution. It was hydrolyzed with dilute hydrochloric acid. To 
a drop of the hydrolyzate a little phloroglucinol was added ; upon heating 
on a boiling water bath, a red color developed. This indicated the pres- 
ence of either galactose, pentose or glycuronic acid. The rest of the 
hydrolyzed material was heated for tw^o hours on a boiling water bath 
with 1 ml of concentrated nitric acid. Upon standing over night a water- 
white crystalline material was obtained which showed the crystalline form 
of mucic acid (2,3,4,5-tetrahydroxyhexanedioic acid) under the micro- 
scope, but unfortunately the amounts w’-ere not sufficient for a satisfactory 
melting point. It seems very likely, however, that we were dealing with 
galactose, since neither pentose nor glycuronic acid would yield a pre- 
cipitate upon heating with nitric acid. 

The question whether the saliva-resistant fraction is galactogen or a 
galactose-containing polysaccharide sui generis cannot be answered defi- 
nitely at the present time. The lowered value of the optical rotation of 
the original polysaccharide mixture as against pure glycogen would well 
agree with the presence of galactogen which shows in pure state an optical 
20 

rotation of a — 22.7° (May, 1932). This latter polysaccharide has 

been found so far in various molluscs and in vertebrates (May, 1934). 
Its presence in a representative of a third phylum would not be surprising. 
Basing the calculation on the available figures for optical rotation, it 
might be assumed that the original polysaccharide mixture contained 
about 4% galactogen, corresponding roughly to 0.04% of the fresh weight 
of the worms. For a complete satisfactory analysis therefore about 10 kg 
or about 2000 adult females would be required, an amount difficult to 
collect. 

INORGANIC SUBSTANCES 

In view of the growing realization of the importance of the “trace 
elements'' in many biological fields, it was decided to subject the worms 
to a spectrographic analysis. This seemed the more important as very 
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2.455 mg gave 7.2 x 10"^ mg Fe 
2.775 mg gave 8,4 x 10~^ mg Fe 
Found: Fe = 0.29, 0.30% 

Copper was determined according to the method of Eisler, Rosdahl 
and Theorell (1936). 

2.133 mg gave 0.000 mg Cu 
9.998 mg gave 0.000 mg Gu 

With this method Cu cannot be demonstrated if present in amounts less 
than 0.01 % . Since all the spectrographic examinations were positive for 
Cu, it is legitimate to assume that its concentration was less than 0.01%. 


little is known about the inorganic constituents of any parasite. The most 
complete analyses are those of Flury (1912) on ascarids and those of 
Salisbury and Anderson (1939) on Cysticerciis fasciolaris. The former 
found the metals Na, K, Ca, Mg, Fe and Al, whereas he was unable to 
demonstrate the presence of Cu and Mn. The latter mention as metals 
Na, K, Ca, Mg and Fe. In Macracanthorhynclms the presence of only 
the following metals has been shown in a qualitative way: Na, K, Ca, 
Mg and Fe (von Brand, 1939). 

The worms intended for the spectrographic analysis were collected 
especially for this purpose, care being taken to avoid any contamination 
with metals (except, of course, Na, since the worms had to be washed in 
isotonic NaCl solution after isolation). They were dried, ground in a 
mortar and analyzed qualitatively wdth a quartz Littrow spectrograph. 

Four different samples were analyzed: females; males; eggs and 
ovaries; body fluid of females after centrifuging off the eggs and ovaries. 
The following metals were found in all four samples : Na, Ca, Mg, Mn, 
Al, Fe and Cu. The range of wave length in which the characteristic 
lines of the elements were located was in the near ultra-violet. In this 
range potassium lines are very faint and their presence was not demon- 
strated. However, potassium lines appeared clearly in the far ultra-violet. 
In addition to the metals, the spectrograph revealed the presence of 
P and Si. 

In view of the importance that Fe and Cu play in the constitution of 
respiratory pigments occurring in invertebrates (haemoglobin, haemo- 
cyanine), quantitative determinations of these substances were per- 
formed ; although nothing is known at the present time about the presence 
or absence, of any respiratory pigment in acanthocephalids. The sample 
used for these determinations consisted of dried females, containing 
3.80% ash. 

Iron was determined according to the method of Linzel (1933). 
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SUMMARY 

1. Macracanthorhynchus hirndinaceiis contains besides true glycogen 
small amounts of a polysaccharide resembling and perhaps identical with 
galactogen. 

2. Spectrographic analysis revealed the presence of the following 
metals in the worms: Na, K, Ca, Mg, Mn, Al, Fe and Cu. 
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CERTAIN NUTRITIONAL REQUIREMENTS OF THE FOWL 
CESTODE RAILLIETINA CESTICILLUS (MOLIN) 

AS DEMONSTRATED BY SHORT PERIODS 
OF STARVATION OF THE HOST^'" 

W. M. R'eid 

Kansas State College of Agriculture and Applied Science, and Monmouth College 

Because of the lack of a digestive system in cestodes, the nutrition 
and the nutritional habits of tapeworms have long interested parasitol- 
ogists. However, due primarily to the difficulties involved in studying 
the processes which normally occur only within the intestine of the host, 
comparatively little is known about the food rec|uirenients of this unique 
group. All attempts to simulate normal conditions of warm-blooded ani- 
mals by the use of in vitro methods have met with disappointment as mere 
survival of tapeworms for not more than a few days is all that has thus 
far been accomplished. Nevertheless, most of the knowledge of the 
physiological processes of tapeworms has come from the in vitro experi- 
ments of such workers as von Brand (1933) and Wardle (1937a). In 
this type of work portions of Moniezia expansa w'ere subjected to various 
treatments for a few hours, analyzed chemically, and their composition 
compared wdth that of untreated portions of the worm which had been 
previously analyzed. 

Another type of experimental study has been made by Levine (1938) 
and more recently by Hager (1941) in which the diet of the host was 
altered in various ways and the effects upon proglottid production or 
onchosphere count were measured. It appears that only von Brand has 
combined the two methods by a study of chemical composition of worms 
after the host has been starved or given special diets. 

Recent observations upon short starvation periods of chickens in- 
fected with Raillietim^ (Molin) led to the conclusion that rather 

profound changes must be induced in these parasites by lack of proper 
food in the gut of the host (Reid, 1940). Therefore, a more compre- 
hensive study was made by using the combination of starvation and chemi- 
cal analyses of worms removed from starved and from control hosts. 

MATERIAL AND METHODS 

Both chickens and beetles (intermediate hosts used in producing ex- 
perimental infections of the fowls) were reared according to the technique 
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of Reid,, Ackert, and Case (1938) with certain modifications and im- 
provements (Reid, 1942). Worms to be analyzed were removed imme- 
diately after the fowl had been killed by deeply scraping the mucosa in 
the region under the scolex. In many cases this served to free the deeply 
embedded scolex, but because speed was essential, and the weight in- 
volved negligible, the recovery of the scolex was not considered essential. 
The worms were quickly washed in mammalian Ringer’s solution to re- 
move any debris or mucus adhering to them and rolled on a dry piece of 
filter paper to remove surface moisture. 

Worms to be analyzed for glycogen were placed immediately in O.S cc 
of 30 per cent KOH and the glycogen determinations made by the micro- 
method of Heatley (1935). Acid hydrolysis of the glycogen was car- 
ried out with a 2 N solution of sulfuric acid instead of the usual 2.2 per 
cent hydrochloric acid since Sahy tin (1931) has shown that the chlorine 
ion interferes with the development of the final blue color when the Folin 
and Wu macro sugar method (1920) is used, while the sulfate ion does 
not so interfere.^ 

Worms to be used in fat determinations were removed in a similar 
manner, but larger numbers of worms were included in each sample. 
Immediately upon removal, the wet weight of the worms was obtained 
by weighing in small test tubes. The worms and the water that had 
oozed out in the weighing tube were placed on weighed, ash-free, fat-free 
filter paper and permitted to dry at room temperature. Last traces of 
moisture were removed in vacuo over calcium chloride. The ether- 
soluble portion was extracted by means of a Bailey- Walker fat extraction 
assembly. After weighing back the filter paper containing the residual 
material, Kjeldahl determinations for organic nitrogen were made on 
some of the samples while other samples were ashed in a muffie and the 
ash content determined. 

REVIEW OF LITERATURE 
NUTRITION 

Because of the economic importance of the nematodes, the nutritional 
habits of this group have been more extensively studied than those of 
other helminths. Lapage (1937) in his comprehensive review of the 
nematodes included a section on nutrition and its effects on the host. 
Ackert and Whitlock (1941) have reviewed the feeding habits of the 
nematodes. McCoy (1935) reviewed the physiology of the helminth 

3 Although it is customary to multiply the reducing sugar value by Pfliiger’s cor- 
rection factor of 0.927 to obtain true glycogen values, this figure has recently been 
questioned. Kerly (1930) used 0.957 while Wardle (1937a), calculating from re- 
sults obtained by Bell and Young, used 0.961. Following the example of some bio- 
chemists in waiting for the question to be settled, no correction of the reducing sugar 
values has been made in the present studies. 
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parasites including a section on nutrition. Histological examination of i ’ 

the gut and its contehts as well as numerous ingenious experimentai pro- ; 

cedures have shown that there is wide variation in the food and feeding 
habits of the nematodes. These differences are generally correlated with 
the position of the parasite within the host. Some are saprozoic, living v 

on digested food of the host ; others live on bacteria ; while others feed on 
tissue, tissue exudate or bod}^ fluids. Although equipped with a diges- 
tive system, some forms such as the filaria probably absorb nutriment 
through the body wall. 

Studies on fluke nutrition are less extensive, but there appear to be 
similarities with the modes of nutrition of the nematodes. Hsii (1938) 
in a study of both nematode and trematode tissue-parasites found a higher 
correlation between the location of the parasite and its food than between 
food and the phylum to which the parasite belonged. Thus Paragonimus 
ringeri and Spirpcerca sanguinolenta which live in nodules, feed on cells 
passing through the wall of the nodule, while Schistosoma japonicmn, 

Dwofilaria immitis, and Rhabdias sp. wdiich live in the vascular system, 
take only cells present in the general circulation. 

Entirely different methods must be applied to the study of the nutri- 
tion of cestodes since no digestive system is present ; the food must there- 
fore consist of easily diffusible substances present in the gut of the host. 

Most of the evidence available on the nutrition of this group has come 
from physiological studies, a review of which was made by Wardie 
(1937b). 

It is now well established that cestodes, as well as other intestinal 
helminths, contain large quantities of glycogen and fat. According to 
von Brand (1933), glycogen plays the major role in the metabolism of 
this group, while fat is at least partially a waste product. He recorded 
slight decreases in glycogen content in sections of Moniema expansa after 
six hours of in vitro staiwation. In similar experiments in which glu- 
cose was added to the media, no significant change in the glycogen con- 
tent was noted. 

Wardie (1937a) pointed out that although the polysaccharide content 
of the worms is generally conceded to be synthesized from glucose, there 
is little experimental evidence to support this view. Wardle’s experi- 
ments, likewise with M, expansa during six hours of in vitro staiwation, 
suggest that glycogen is consumed in quintuple Tyrode, one per cent 
sodium glycocholate solution, and in bile saline. He pointed out that 
although these results are suggestive of polysaccharide loss due to. in- 
creased function of the musculature in these solutions, the possibility of 
glycogen loss by exosmosis must be considered. These results would 
be more convincing were sufficient chemical analyses available so that 
statistical methods could be used as the criteria of significance, in place of 
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the extreme range in variation of four controls. By similar methods 
Wardle reported gains in polysaccharide content when other sugars were 
substituted for glucose. 

More recently Markov (1939), who has been, able to maintain worms 
under in vitro conditions, for longer periods of time, has demonstrated that 
glucose is absorbed by the cestodes Ligula intestinaUs, Eiibothrmm 
riigosiim mid Diphyllobothrmm latum, and the nematode Triaenophorus 
nodulosiis, and that the rate of glycogen consumption is independent of 
the initial glycogen content. 

Another type of evidence for the need of carbohydrate food in cestodes 
was presented by Levine (1938). Indigestible substances such as bran 
or cellophane, when added to the host diet in sufficient quantity to pro- 
vide the necessar}^ bulk but also to greatly reduce the carbohydrate con- 
tent, caused a marked reduction in proglottid production in Davainea 
progloUina. 

Experiments with other factors in the diet of the host upon cestodes 
have been conducted by Hager (1941) and Alicata (1939, 1940). Hager 
.showed that a factor, associated with the vitamin G complex, was neces- 
sary for noimial onchosphere production by the rat tapeworm Hymeno- 
lepis dimimR^^^ Alicata found indications that a diet high in animal-pro- 
tein permitted fewer vrornis to develop than a diet high in i)lant-protein 
in experiments with Hyinenolepis exigua of the fowl. The dietary effects 
produced in this latter experiment confirm similar findings with the nema- 
tode A. /mm/a by Ackert and Beach ( 1933) . 

STARVATION 

The effects of starvation of the host upon the intestinal fauna seem 
to have had little systematic study, but the literature contains several 
interesting observations on the subject and starvation has been used as 
an experimental tool in isolated cases. 

In the trematodes Beaver‘d observed that ‘ffor Echinostonmm revo- 
liituni the general well being of the host, including nutrition, directly 
influenced the parasite. Sick or starved hosts lost their worms/' Bur- 
lingame and Chandler (1941) noted that fasting rats lost the acantho- 
cephalan worms Monilijojmiis duhius, 6S out oi an estimated 227 worms 
in 12 rats having been lost in five days. 

In studies on the food of the fowl nematode Ascaridia lineafa, Ackert, 
Whitlock and Freeman (1940) showed that worms in chickens given 
only water per os grew very little during the first eight days of starva- 
tion and not at all between eight and 27 days. Although both control 
and experimental chickens lost w^orms during the course of the starva- 
tion period, the experimental chickens lost them at a much faster rate 
than did the controls. 

^ Personal correspondence, April 21, 1941. 
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With the cestode Davainea proglotHna, Levine (1938) found that 
complete vStarvation of the host foi' 24 hours caused a decrease in proglot- 
tid production during the following week. 

In conjunction with the present work, a detailed stud}’ (Reid, 1940,. 
1942) of the effects of starvation on RailUeiina cesticilhis revealed that 
starvation of hosts infected with this worm for 24 to 48 hours resulted 
in the loss of the strobila of all of the worms present in the gut of the 
host. The scolex, however, was unaffected by starvation periods which 
extended as long as 20 days, and was able to regenei'ate a new strobila: 
upon resumption of normal feeding habits in the host. Furthermore, 
newly established cysticercoids, .although sometimes able to maintain 
their respective positions in an empty gut, did not grow appreciably until 
the fowl was placed upon normal feed. 

EXPERIMENTAL DATA 

CARBOHYDRATE CONTENT OF WORMS BEFORE AND AFTER SHORT PERIODS 

OF HOST STARVATION 

Ghemical determination of possible food reserves in conjunction with 
host starvation were undertaken to determine whether this loss of stro- 
bilae in starved hosts was due to an actual starvation of the worm tissue 
or to some other factor in the host-parasite relationship. Since it has 
been established that glycogen is the predominant carbohydrate in tape- 
worms as well as other intestinal parasites and since it is likewise well- 
known that the glycogen store of higher animals is readily depleted dur- 


Table 1.— Glycogen level in iapewornts from a starved and an mistarved host. 

(Exper. 1) 


Hour killed and 
treatment 

Chicken number 

Total worms 

Worms in 
sample 

Per cent 
glycogen 
of worm 
wet weight 

4 PM 

A 897 

10 

1 

4.83 

On feed until killed 



1 . 

3.62 




1 , 

■' 21)2 




1 

4.38 



. , ^ ■ 1 

1 

■■ 4.55 - 




1 

6.45 ' 




1 

4.85 ' 




1 

■ 5.25 




1 

' 4.95 





Mean 4,60 

6 p:m 

A 1092 

17 

:i J 

1 0.09 

Off feed for 24 hours 



1 

1 0.06 

before killing 



■ 1 

' 0.10 




1 

1 0.03 




•1' ,1 

1 0.32 




1 . 1 

0.49 




1 ■ ■■ 

.. 0.47 ■ 




.3" ■■ 

0.46 




■..■3 " - 

' 0.1 s 




Mean 0.25 




1 Difference in means 4.3.5 




Standard error 0.3 ST 


^ Highly significant. 
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ing starvation, it followed that glycogen might be the logical food reserve 
to inv€vStigate first. 

Exper.. 1 . — The first glycogen analyses were made upon individual 
worms from a chicken killed at 4 PM after it had been feeding normally, 
and upon worms from a chicken which had been off feed for 24 hours. 
The mean glycogen percentage calculated on the basis of the wet weight 
of the worms for nine cestodes from the unstarved chicken was 4.60 per 
cent (Table 1) while that on nine analyses of worms from starved hosts 
was 0.25 per cent. Although the glycogen level of the latter group of 
worms Avas so low that the glucose readings had to be estimated, in all 
cases these estimates were probably high. It is apparent, therefore, that 
the glycogen content of the worms in the starved host was reduced to a 
mere trace. Furthermore, it was of interest to note that the worms re- 
moved from this chicken were flaccid and very much less active than 
worms from the normally fed chicken. 

Ex per. 2 . — While 23 tapeworms wei*e available for study in Exper. 
1, these worms were from but two chickens. Accordingly, a second 
experiment was planned in which worms from eight chickens were 
analyzed, four of the chickens being normally fed, and four having been 
without feed for 20 hours before the worms were i*emoved. The starva- 
tion time in this experiment had to be reduced by four hours since re- 
peated efforts again to obtain whole worms from chickens starved for 24 
hours met with failure. Another change in procedure was the use of 
more worms per sample so that sufficient glucose was present for accu- 
late determination. It ma}^ be noted (Table 2) that worms from the con- 
trol chickens had a mean glycogen level, calculated on a per chicken basis, 
of 4.38 per cent wdth a range per chicken of 3.98 to 5.14 per cent. With 


Table 2, — Glycogen level in tapeworms from several starved and unstarved chickens. 

{Exper. 2) 



Hour killed and 
treatment 

Chicken 

number 

Total 

worms 

per 

chicken 

Number 
of worms 
per sample 

Per cent 
glycogen 
of worm 
wet 
weight 

Mean 
per cent 
glycogen 
in worms 

C}-7 PM 

A 1095 

44 

10 

3.84 


On feed until killed 



10 

4.83 

4.34 


A 1015 

36 i 

7 

4.67 




1 

. 7 

5.60 

5.14. 


A 1363 

i 3' ■ 1 

2 

3.98 

3.98 


' A 1096 

107 

30 scoleces 

4.08 

4.0S 





Mean 4.38 

2~n PIM 

A 1100 

56 

10 

0.24 


Off feed 20 hours? 



i 10 

0.51 

0.3S 

before killing 

A 1094 

33 

10 

0.25 





10 

• 0.42 

0.34 


A 1098 

33 

10 

0.57 

0.57 


A 1097 

200 

‘30 

0.21 





30 scoleces 

0.17 

0.19 





Mean 0.37 




Difference in means 4.01* 




Standard error 0.274 


* Highly Hignifieant. 
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the vStarvcd chickens the mean per bird level was 0.37 per cent with a 
range betAveen 0.19 and 0.57 per cent. The mean dih'erence of 4.01 ])er 
( cent between the two gnuips is highly significant. 

J The results of Exper. 1 and 2 show clearly that this marked fall in 

glycogen level is due to host starvation. Furthermore, it seems prob- 
able that this drop in glycogen content of worms in starved hosts accounts 
for the loss of strobilae from these Avorms. (Ortner-Schonbach (1913) 
in a histological study of the distribution of gi\'C( )gen in cestodes reported 
; concentrated clumps of glycogen in the parenchyma around muscle fibers, 

j the muscle fibers themselves being relatively free of glycogen. She pre- 

; sumed this glycogen to l)e a source of muscular energy. In the present 

experiments it AAX)uld follow that Avhen the glycogen sujjply around these 

¥ muscle fibers is exhausted the muscles Avould no longer be able to ccui- 

1 , , ■ ' , . ■ ® ' 

I tract normally. E’sing an analogy introduced by Wardle (193t>), the 

worm is no longer able to swim effectiA'ely against the current in the 
: intestine and is swept out by peristaltic action. The flaccid condition of 

( Avorms from starved hosts Avotild tend to support this view. Since the 

' scolex of this species is very deeply embedded and the neck region is 

I relatively fragile, separation usually occurs at this point. 

"I ' 

; GLYCOGEN FLUCTUATIONS DURING TPIE NORMAL TWENTY-FOUR 

I HOUR CYCLE 

If such a profound change in glycogen lev^el in the Avornis could occur 
during 20 hours of host starvation which includes 12 hours of night, it 
i seemed likely that fluctuations in glycogen content might occur during 

! the noiTiial 24-hour feeding cycle. Such a fluctuation v^ould be of spe- 

cial interest because of the relationship between food and the proglottid 
i production cycle. Wetzel (1932) reported such a cycle for the fowl 

' cestode Davainea proglottina, a peak in proglottid production occurring 

at about 3 : 30 PM with a gradual decrease to complete cessation during 
the early morning hours. In 1934, Wetzel reported similar cycles for 
R, cesticillus. The occurrence of these cycles has been confirmed by 
Reid, Ackert and Case (1938) for R. cesticillus. Levine (1938) has like- 
wise confirmed the presence of these cycles in Davainea proglottina. He 
was able to reverse the peak to the early morning hours by changing the 
feeding time to the night. He thus effectively demonstrated a fact that 
had been suspected by other Avorkers, namely; that this proglottid pro- 
duction cycle w^as dependent on the feeding habits of the fowd, 

Exper. 3. — In order to test the possibility of a fluctuation in the gly- 
cogen level in the 24-hour cycle, w^orms from two groups of chickens 
w^re analyzed (Table 3). One group Avas killed between 6 and 7 PM, 
which was at the close of the normal feeding period in November, w^hile 
the other group was killed between 6 and 7 AM, just before feeding had 
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begun. The glycogen level when calculated on a per worm basis (only 
samples consisting of one worm each were included in the statistical 
analysis) was 7.14 per cent at the evening hour while it averaged only 
3.68 per cent at the early morning hour. The 12 worms analyzed from 
the group killed during the evening thus had an average of 3.4'6 per cent 

Table 3. — Glycogen level at the begmnmg and at the end of a normal feeding period. 

(Exper. 3) 


Hon r Idlled Chicken 

and treatment number 


d-7PM : 9706 

On teed until killed | 

i 9703 


6-7 a:m 

UlY feed diiriiiij: 
night 


Location 
! in gut 
cm from 
ampulla 

Per cent 
of worm 
wet 
weight 

S 

5.72 

14 

0.17 

10 

8.51 

10 

7,85 

8 

8.21 

10 

7.75 

13 

8.20 

13 

8.20 

2-8 

5.31 

12 

6.18 

Xfj' — .Lo 

18-23 

O.o i 

6.40 

30-35 

. 6.44 

41 

1 ■ 

Mea: 

hs 7.14 

8-10 

4.30 

S-10 

3.81 

8-10 

3.54 

8-10 

3.66 

10-16 

4.69 


16-20 

20-25 

20-25 

20-25 

30-38 

30-38 

random 

15 

S 

10 

IS 


Mean 
per cent 
glycogen 
in worms 


Difference in means 
Standard error 





* Highly significant. 


more glycogen than 19 worms in the morning group. As the standard 
error was 0.763, the difference was highly significant (Table 3). Like- 
wise, when the glycogen level was calculated on a per chicken basis, the 
four-chicken group killed between 6 and 7 PM averaged 7.13 per cent 
while the three chickens in the 6 to 7 AM group averaged 3.92 per cent. 
The difference of 3.21 per cent in this case was likewise highl}^ significant. 
It has been found, therefore, that upon whatever basis comparison is 
made, the glycogen level during the evening hours was .markedly higher 
than that in the early morning hours. 

These data are convincing evidence that the glycogen level fluctuates 


REID—KUTRITIONAL REQUIREMENTS OF R. CESTICILLUS 327 



during a normal 24-hour feeding cycle. It is higher in the evening after 
feeding has been in progress during the day, but lower during the early 
morning hours when no food is in the environment of the tapeworm. It 
seems probable that this rhythmic cycle in glycogen level during the 24- 
hour period is responsible for the cycle in proglottid production of the 
tapeworm. No explanation of this proglottid production cycle has thus 
far been suggested other than the correlation between it and the feeding- 
habits of the host. 

In weighing worms from different locations in the intestine for glyco- 
gen analyses, it was noted that the worms at the anterior end of the gut 
■weighed appreciably more than those in posterior locations. In some 
cases those in anterior locations, although no longer than those in pos- 
terior positions, weighed twice as much. This raised the question as to 
whether a difference in the glycogen content due to dilferent food condi- 
tions in the gut might be responsible for this difference in size. Study 
of the results indicated in Table 3, however, does not reveal any signifi- 
cant trends of variation in the glycogen content of worms from different 
parts of the gut. 

Exper. 4 : — To further correlate the glycogen cycle with the proglot- 
tid production cycle, analyses were undertaken at the mid-morning hour. 
Worms were extracted at 10 AM from four chickens which had been on 
feed and from five chickens which had been off feed during the morning 
of the experiment. The glycogen content was calculated on a per 
chicken basis as determined from either two or three samples consisting 
of t-w’-o worms each. The percentages were 1.08, 1.48, 2.08, 3.00, for the 
chickens with feed before them continuously, while the chickens which 
had been oft' feed for 20 hours contained worms with 2.08, 1.57, 1.73, 1.90 
and 1.23 per cent glycogen. Since no significant difference in the glyco- 
gen levels in these two groups was demonstrated, it must be concluded 
that the expected rise in glycogen content after the relatively low level of 
the early morning hours had not begun to take place. There is, appar- 
ently, a time lag in the building up of the glycogen store since the control 
birds had all begun to feed three hours before they were killed. 

The data from these four experiments together with some additional 
data are summarized in Fig. 1. It should be noted that the first two- 
thirds of the curve represents the normal glycogen cycle of the cestode 
which is repeated from day to day, while the last third represents the 
glycogen levels when feed is removed the following day. The perpen- 
dicular bars represent twice the standard error. 

Uncontrolled fluctuations in feeding habits of the birds, due to 


shortening daylight hours while the experiments were in progress, and 
the small number of points at which determinations could be made, make 
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ever, the three major trends previously mentioned are emphasized, 
namely: (1) tlie sharp decrease in glycogen content to a mere trace when 
food is withheld from the host, (2) a fluctuating daily cycle with a peak 
in the evening and a low point during the mid-morning and (3) a time 
lag between the beginning of feeding and the building up of a glycogen 
store. Comparison of cur\'es in the glycogen cycle in the present work 
with those in the proglottid production cycle of Wetzel show marked 
similarity. From this it may be inferred that the latter cycle is depen- 
dent upon the former. 

Ex per. 5 . — Although only entire worms which averaged 22.9 milli- 
grams from starved chickens were used for anabasis, the worms extracted 



Fig. 1. Fluctuations in the glycogen level of tapeworms from chickens feeding 
normally, and during short periods of forced starvation. 

were on the average a few milligrams lighter than those from unstarved 
chickens. Since this difference in weight was undoubtedly due largely 
to the loss of terminal proglottids in the worms from starved chickens, 
the question might be raised as to whether or not a glycogen gradient 
existed within each individual worm. Should the gravid proglottids 
which were lost prove to have a considerably higher glycogen level than 
that of the rest of the worm, the explanation given to the foregoing glyco- 
gen experiments would need to be reintei'preted. 



I 


:| 

T 

", , 1 " 

% 


REID— NUTRITIONAL REQUIREMENTS OF R. CESTICILLUS 329 

Accordingly, an experiment was devised in which the 20 posterior 
segments from each worm were removed and separate analyses made on 
the posterior and the anterior portions of the worms. In small worms 
the 20 proglottids constituted about half the total w-eight of the worm, 
while in larger worms they made up a much smaller portion of the worm 
weight. Worms were obtained from chickens killed at 8 PM and 8 AM, 
so that further comparisons in the glycogen level between the evening 
and morning hours could be made. 

The mean percentage of glycogen for the anterior ends of eight 
samples removed from three chickens at 8 PM was 6.54 -while that of the 
posterior ends of these worms averaged 5.55 per cent. There was a 
difference of 0.99 per cent in the glycogen level in favor of the anterior 
ends, and the standard error being 0.295, the difference is highly sig- 
nificant. At the 8 AM hour the mean glycogen level for nine samples 
taken from four chickens was 5.01 per cent for the anterior ends while 
that of the posterior ends -was 5.15 per cent.. In this case the difference 
was not significant. 

The results of these two groups of tests show that the gl3'Xogen level 
from the posterior proglottids was not significantly higher than that of 
the anterior portions. Although further experimentation would prob- 
ably be necesssary to indicate the reason for the higher glycogen level in 
the anterior ends at the 8 PM hour, it appears improbable that a glycogen 
gradient could prejudice the conclusions drawn from the previous experi- 
ments. 

As might be expected from the results of Experiment 3, the glycogen 
level at the 8 PM hour was higher than at the 8 AM hour., the 0.96 per 
cent difference in the means with a standard error of 0.250 is highly sig- 
nificant. Unfortunately the fowls, which were not accustomed to the 
operation of a new battery feeder, did not feed normally the day before 
the worms were removed, and the glycogen levels obtained in this experi- 
ment were not comparable wnth those indicated in Fig, 1. 

PERCENTAGE COMPOSITION OF R. CESTICILLUS 

Since reports of the percentage composition of other cestodes are 
available only in rather inaccessible sources, these data are presented in 
Table 4, where ready comparison can be made wdth the results obtained 
in the present experiments. It will be noted that the glycogen level for 
R. cesticillus with a mean of 6.51 per cent at the 6 PM hour is higher than 
the results obtained by other investigators with the exception of the 7.37 
per cent recorded by Smorodinezew and Bebeschin (1935) for T. 
saglnata. 

FAT CONTENT AND STARVATION 

Considerable interest has been shown in the fat metabolism of hel- 
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mintlis because of the relatively high fat content, and the wide variability 
found in worms of the same species (Table 4). According to von 
Brand’s view fats are byproducts of glycogen metabolism which probably 
remain as stored excretory material in the parenchyma of the worm. 
This conclusion was reached when relatively little fat was found in the 
excretory tubules of M, expansa as compared with large numbers of fat 
droplets found in the excretory sytem of the young fluke, Fasciola 
hepatica {Nogtl and von Brand, 1933). Von Brand, however, found 
no significant change in fat content in nine experiments using in vitro 
staiwation for six hours. 

The results from ether extraction of 20 samples of R. cesticUlns are 
summarized in Table 5. It will be noted that this species also has a 


Table 5 . — Ether-extract and percentage of water in worms removed from chickens 
off feed for 16 to 20 hours and upon zoorms from unstarved chickens 


Treatment of worms 

- Total 
worms 
in sample 

1 

Water 

% 

Ether-ex- 
tract of 
w^et weight 
% 

Ether-ex- 
tract of 
dry weight 
% 

Unstarved 

1 

41 

83.1 

1.55 

9.2 

Chickens killed be- 

14 

77.5 

2.78 

12,2 

tween 2 PM and 6 PM 

31 

77.6 

3.69 

16.5 


73 

82.6 

4.48 

25.8 


93 

80.1 

3.76 

19.0 


11 

76.3 

4.62 

19.4 


24 

78,4 

2.38 

1 , 10.9 


11 

75.5 

4.05 

! 16.6 


100 

80.7 

3.30 

17.1 


26 

82.8 

1.35 

7.9 


Means 79,46 

3.20 

15.5 

Starved 

! 23 

78.6 

3.38 

15.7 

16-20 hours 

48 

83.4 

3,24 

19.6 

Chickens killed between 

31 

83.6 

3.10 

18.9 

2 PM and 6 PM 

38 

83.5 

3.08 

18.4 


22 

80.7 

4.41 

22.8 


39 

85.7 

1.62 

13.0 


38 

84.5 

1.36 

7.5 


25 

81.2 

1.90 

9.9 


22 

82.0 

2.86 

15.8 


45 

86.5 

2.00 

15.0 


Means 82.97 1 

2.70 

15,5. 

Difference in . means 8.51* 

0.50 

0.0 


Standard error 1.226 | 

0.466 



^ Statistically significant. 


relatively high ether-soluble portion, the mean for the control samples 
being. 3.20 per cent of the wet weight. In nine additional samples from 
worms killed in the morning hours, and therefore not included in the 
starvation table, the mean was 3.31 per cent with a range of 0.98-4.51 
per cent. 

Although the worms from starved chickens contained an average of 
0.50 per cent less ether-soluble material than the control samples, the 
difference is not statistically significant. Of interest is the fact that the 
means are the same for the ether-soluble portion calculated on the basis 
of dry weight. Since a loss of approximately 30 per cent in the dry 
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weight of the worm would occur if all of the metabolic products of gly- 
cogen consumption during starvation were eliminated, a corresponding 
gain in the ether-soluble fraction might be expected if no actual change 
in its content had occurred. The present results might, therefore, be 
interpreted as indirect evidence for a decrease in the fat content during 
starvation. 

The indications are that if an excess of fatty waste products was pro- 
duced during starvation, due to the high glycogen consumption, these 
substances must have been excreted by the worm and did not accumulate 
in the parenchyma. On the other hand, the evidence is inconclusive for 
the opposite view that fats are a potential energy reserve, since the deple- 
tion is slight if a true loss does actually occur. 

WATER CONTENT AND STARVATION 

The water content of some thirty specimens was determined in con- 
nection with fat determinations (Table S). It may be noted that the 
water content of the worms from starved chickens was 3.51 per cent 
higher than that from unstarved hosts. The standard error being 1 .226, 
this difference is significant. Since there was a marked depletion in the 
glycogen content of the worm during starvation, a corresponding rise in 
water content might be expected. It should be noted, however, that 
starved hosts had water before them continually and therefore an increase 
in water content in the worms might be due to the increased percentage 
of water in their surroundings. The water content of this species, 
although not the lowest of the worms which have been analyzed, is lower 
than any of the other forms upon which complete determinations have 
been made. This is reflected in the higher percentage of glycogen, ash, 
and nitrogen reported for this species. 

PROTEIN CONTENT AND STARVATION 

Nitrogen determinations have been made on cestodes by several in- 
vestigators to obtain an approximation of the protein pi*esent. The 
usual procedure is to multiply the total nitrogen by 6.25 to obtain the 
percentage of protein. Although no complete study of the protein con- 
tent of cestodes has been made, Salisbury and Anderson (1939) in an 
analysis of the larval Cysticerctis jasciolam found that of 20 per cent of 
the total nitrogen which was dissolved in aqueous extracts of pulverized 
worm material, only seven per cent was precipitated by trichloroacetic 
acid and could therefore be regarded as protein. Likewise Eisenbrandt 
(1938) in a serological study of numerous helminths including the ces- 
todes Cittotaenia denticulata, Dipylidium caninum^ Taenia pisifornus, 
Monieaia alba. If. expansa, and Thysanosoma actmioid es ionnA the non- 
protein fraction of the total nitrogen to be surprisingly high. Although 
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it would thus appear that the conversion factor will probably have to be 
revised when a more complete knowledge of the protein make-up of tape- 
worms has been obtained, the nitrogen content still remains the most con- 
venient method of obtaining an estimate of protein content. 

Five nitrogen determinations were made upon worms extracted from 
unstarved hosts killed at 6 PM and six determinations were made on 
worms removed from hosts which had been starved for 16 to 20 hours. 

Calculated on the basis of the wet worm weight, the worms from tin- 
starved hosts averaged 1.14 per cent nitrogen while those from starved 
hosts averaged 1.37 per cent. The difference of the means is 0.24 per . | 

cent with a standard error of 0.093 which is statistically significant. Cal- 
culated on the basis of dry weight, worms from the starved hosts showed 
even a greater increase, nitrogen constituting 7.87 per cent of the weight | 

as against 5.83 per cent for the control group. The difi'erence in this 
case is 2.04 per cent with a standard error of 0.277 which is highly signifi- - I 

cant. 

In the light of the glycogen experiments it seems probable that the 
increase in nitrogen is relative rather than actual. Since there is at least 
no loss of nitrogenous materials, and little if any loss of fat during the 
20-hour starvation period, it appears that the starvation effect under con- | 

sideration is due entirely to loss of glycogen. These findings are in keep- 
ing with the prevailing opinion that glycogen furnishes the main source 
of energy for cestodes. | 

ASH CONTENT. ' ■ f '"# 

• ' '■| 

The total ash content of nine samples of worms taken from unstarved | 

hosts was determined. The ash content averaged 2.36 per cent of the | 

wet weight of the worm material with a range between 3.95 and 1.96 per \ 

cent. Calculated on the basis of the dry weight, the mean percentage of | 

ash was 12.11 with a range between 9.82 and 17.07 per cent. f 

Although the strobilar ash contents of adult cestodes have not been 
analyzed, Salisbury and Anderson (1939) determined the following ele- 
ments in the ash of the IpiVv^l CysUcerctis jascM^ which constituted | 

16.3 per cent of the dry material : Na 6.99 per cent, K 3.66 per cent, Ca | 

29.5 per cent, Mg 20.14 per cent, S 0.74 per cent, P 7 per cent, with only 
traces of Cl and Fe. 

THE EFFECTS OF CROWDING 

A phenomenon which appears to be common to the larger species of 
cestodes that have thus far been studied experimentally is that crowding 
causes stunting in the size of the worms. Woodland (1924), Shorb 
(1933), and Hunninen (1935), have demonstrated this effect in the rat 
tapeworm Hymenolepis fraterna, Hunninen stated further that even in 
heavy infections a few worms may grow materially larger than others, 
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while some of the worms may remain immature for long periods. 
Chandler (1939) and Hager (1941) likewise presented evidence on the 
effects of crowding upon the size of Hymenolepis dimmuta. 

In the present studies the weights of some 1270 specimens of R. cesti- 
cillits from 44 chickens were available for comparison. Since weight is 
the most accurate measure of size and a much more dependable criterion 
in cestodes than the length or number of proglottids, these data are here 
presented. The results are summarized in Fig. 2. It will be noted that 



Fig. 2. The relative size of R. cesticillus in light and in heavy infections. 


although little difference in size of worms is indicated between the one 
to five-worm group and the six to ten- worm group, a worm burden of 
over ten cestodes per bird results in a marked decrease in the size of the 
worms. Although the data available are insufficient to make numerical 
comparisons, it seems probable from observation that single worms reach 
greater sizes than do worms in two to ten-worm infections. 

Four different causes have been suggested for this stunting effect in 
heavy infections. These are: (1) That a local immunity is developed in 
the host, (2) that insufficient food is available for all the tapeworms, 
(3) that excretory products of the worms inhibit growth, and (4) that 
an actual physical crowding takes place. There is some evidence against 
certain of these suggestions but no positive supporting evidence is avail- 
able. 
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Chandler found that rats treated with an anthelmintic produced as 
large worms as similarly treated uninfected rats, and concluded that 
there is no evidence of a local immunity mechanism being involved in the 
dwarfing of tapeworms. 

Even though it has been shown in the present studies that lack of 
sufficient carbohydrate in the gut of the chicken prevents the normal be- 
havior of the tapeworms, the available evidence does not support the view 
that dwarfing in crowded infections is due to insufficient carbohydrate 
food. No significant difference in glycogen content of worms in heavy 
and in light infections could be found. Further support for the view that 
carbohydrate depletion is not responsible for dwarfing can be obtained 
indirectly by estimating the maximum amount of carbohydrate consumed 
by a heavy infection of w^orms. Judging from the data in Experiment 
3, a large worm weighing 100 mg would scarcely be expected to consume 
more than 0.008 gm. of carbohydrate in a 24-hour period. Calculating 
from Henry’s (1912) table, digestible carbohydrates would be present in 
the smallest amount of balanced ration consumed in a 244iour period by 
any fowl under observation (16 gm), in excess of 8.5 gm. If 100 very 
large worms were present, not more than 10 per cent reduction in the 
sugar content of the gut would be expected. This would not appear to 
be sufficient to produce dwarfing. Hager (1941) showed experimentally 
that limiting the food of rats to one-half or one-third the normal intake 
had no effect on the reproductive rate of i/. diminuta, reproduction like- 
wise being inhibited by crowding. 

WORM NUMBER AS DETERMINED BY PROGLOTTID COUNT 

To compare the fowl hosts effectively, it became necessary to ascer- 
tain the approximate number of worms in a living chicken. In nema- 
tode studies such a procedure has been in use for many years, the worm 
number being determined by egg counts. Stoll (1936) by study of 
proglottid and onchosphere counts of the sheep cestode If owima expansa 
together with other biological data was able to determine single worm 
infections of this species. Levine (1938) was able to predict approxi- 
mately the number of proglottina ^rtm^im a fowl by proglottid 

count, each worm producing about one proglottid per day. Hager 
(1941) found no relationship between the onchosphere count and the 
number of Hymenolepis diminnta present in rats. • 

In estimating the number of R. cesticilhis present in a fowl, two diffi- 
culties are encountered in making use of 24-hour proglottid counts. The 
most serious difficulty is related to the problem of crowding which has 
been discussed. From the results obtained in several hundred fecal 
examinations with various sizes of infections it may be concluded that in 
infections of one to ten worms, no crowding effect manifests itself in pro- 
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glottid production. In single worm infections or light infections, each 
worm produced an average of about nine proglottids per day. How- 
ever, in heavy infections it was found that about four proglottids per day 
is a more usual number for each tapeworm. On this basis, low and high 
proglottid counts can be used with some accuracy. There is, however, 
an intermediate proglottid number by which determination cannot be 
made. The size of the proglottids may be of some value in making a 
determination under these conditions as gravid proglottids are larger in 
light than in heavy infections. 

A second factor influencing the determination of worm numbers by 
proglottid counts is the clui*ation of the infection. In the present studies 
occasional proglottids were recovered in the feces 1 1 days after the 
cysticercoids were fed. On the other hand, Jones is quoted by Stafseth 
(1935) as having noted the presence of the original terminal proglottid 
in certain worms a month after infection. A gradual increase in the 
number of proglottids recovered in the droppings of a fowl from the 
eleventh to about the thirty-fifth day after cysticercoids were fed was 
noted in the present work. It has been found necessary, therefore, to 
wait until about 30 days after infection to make a calculation by the 
proglottid count. A later gradual decline in the proglottid count is due 
to the loss of some worms, and to the more frequent periods of quiescence, 
in old infections. 

The number of cysticercoids fed to a chicken may help in determining 
the number of tapeworms, but the percentage of infection is quite variable 
due to variations in hosts and in the viability of the cysticercoids. This 
knowledge, relative to cysticercoids ingested in combination with the 
proglottid count, may be helpful in estimation of the extent of infection. 
Estimation of worms present by recovering the original terminal proglot- 
tid from each worm has been found impractical. Although no simple 
formula can be applied to determine the number of w^orms in the host, the 
proglottid count combined with a knowledge of other biological factors 
makes possible a rough estimate of the minimum number of worms in a 
chicken. 

DISCUSSION 

The relatively high rate of glycogen consumption by the fowl tape- 
worm R. cestkillus revealed in the present study is somewiiat surprising 
wiien the results are compared with in vitro studies which have been 
made on the sheep cestode M. expansa. The consumption of over 90 per 
cent of the total glycogen store in 20 hours of host starvation, as reported 
in Experiment 2, seems remarkable when compared with about 10 per 
cent of glycogen consumption during six hours with M. expansa as re- 
ported by von Brand (1933) . It is questionable, however, as to how far 
the results obtained for the avian R. cestkillus, wEich does not usually 
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exceed 0.1 gram in weighty can be compared with the mammalian M. 
e:vp ansa which weighs several grams. The higher body temperature of 
the avian host would indicate a higher metabolic rate in R. cesticillus. 
Von Brand (1938) believed that the size of the parasite might determine 
the type of metabolism in a helminth. Nevertheless, in the light of the 
present studies, the importance of muscular contractions in overcoming 
the action of peristalsis, a factor mentioned by Wardle (1937a), might 
well be reemphasized. 

Although the effects of variable secretion of digestive juices under 
starvation conditions could not be eliminated in the present experiments, 
the fact that glycogen loss occurred not only when the host was starved 
but also during the normal 24-hour feeding cycle, and the fact that im- 
mature cysticercoids do not develop until food is at hand (Reid, 1942), 
lends support to the view^ that the worms expelled after host starvation 
were actually starved. 

Protozoologists have long recognized the effects of diet upon the para- 
site (Hegner, 1923, Becker, 1937, Becker and Morehouse, 1935, 1936, 
Becker and Derbyshire, 1937), but helminthologists have not given the 
matter much consideration. The facts established in the present studies, 
the evidence of a high carbohydrate requirement in cestodes presented by 
Levine (1938), and the experiments with vitamins by Plager (1941) 
constitute a growing body of evidence indicating that the food of cestodes 
is extremely important in maintaining normal conditions for proper 
growth and development. In studying the effects of deficient diets upon 
host resistance to Hymenolepis fr at erna, Shorb (1933) noted a retarda- 
tion in the growth of the parasite and some loss in w^orms w4iich he at- 
tributed to the direct effect of the diet upon the parasite. Other studies 
on host resistance and deficient diets contain only incidental reference to 
the effects of these diets upon the parasite. In view of the present evi- 
dence it would appear that greater attention should be given to the effects 
of host diet upon the parasite, and that- studies on diet and host resistance 
should be preceded with a knowledge of the nutritional requirements of 
the parasite involved. 

SUMMARY 

1 . Tw^enty hours of host starvation is sufficient to reduce the glycogen 
content of the fowl cestode Railliatifia cesticillus (Molin) to about one- 
eleventh of its normal level. This reduction in the glycogen store is 
believed to be responsible for the loss of strobilae in starvation because 
insufficient muscular energy is available to counteract the action of 
peristalsis. 

2. A daily fluctuation occurred in the glycogen level of tapeworms in 
the gut of chickens under normal feeding habits from 7.14 per cent at 
6 PM to 3.68 per cent at 6 AM. It is thought that this fluctuation, 







which is dependent upon the presence of available food material in the 
host gut, explains the release of proglottids only at certain hours during 
the da}’. These findings afford proof of the importance of glycogen in 
the metabolism of cestodes. 

3. The mean percentage composition of R. cesticillus removed from 
the fowl under normal feeding conditions at 6 PM was found to be 79.46 

cent water, 6.51 per cent glycogen, 3.20 per cent ether-soluble extract, 
1.14 per cent nitrogen, and 2.36 per cent ash content. Compared with 
other work, the percentage of water is considerably lower than that in the 
other forms which have been completely analyzed, with correspondingly 
high glycogen, nitrogen, and ash values for this worm. 

4. Crowding of R, cesticillus in heavy infections causes a dwarfing in 
the size the cestodes as measured by weight. The diminished carbohy- 
drate level in the host intestine due to food consumed by the worm does 
not appear to be sufficient to produce this effect. 

5. Proglottid counts supplemented with rather complete infection 
data, are of value in estimating the number of worms in a living fowl — 
information of value in anthelmintic and certain other experimental fields. 
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HYPODECTES CHAPINI N. SP. (ACARINA) FROM 
THE RED-SHAFTED FLICKER 



G. M. Spurlock and J. T. Emlen/ Jr. 

Division of Zoology, University of California at Davis'^ | 


A red-shafted flicker (Colaptes cafer collaris) captured February 16, 
1940, at Davis, California, and held in captivity until April 4, showed, 
on autopsy, 202 specimens of an immature acarian loosely encysted in the 
connective tissue surrounding the trachea, and, to a lesser extent, the 
esophagus. The greatest concentration was near the point of entrance 
of the trachea into the buccal cavity, but the area of infection extended 
from the lungs to the tongue. Another flicker, brought directly from the 
field on April 5, showed essentially the same picture, although the infec- 
tion was not so heavy. 

No movement was visible within the cysts as far as could be deter- 
mined, and there was no apparent pathology in the host tissue at the site 
of the infection. When the parasites were placed in water the only defi- 
nite movements were the slow waving of the legs, although the abdominal 
constriction appeared to become more pronounced in some individuals 
after a few minutes. No locomotion was observed in water on a tissue 
or glass surface. 

These mites have been identified as a new species of the genus Hypo- 
dectes Filippi (1861) . Giebel (1861) published descriptions of certain 
mites that had been collected by Nitzsch'from the internal tissues of birds, 
erecting for them the genus Hypoderas. Later (1871) Giebel pointed 
out that Filippi's genus Hypodectes and the genus Hypoderas were 
synonymous but maintained that the generic name Hypoderas should be 
retained because it w^as an older genus {Hypoderas had been an unpub- 
lished manuscript name of Nitzsch) and because Filippi had named only 
1 species in his genus (actually 5 species were named) while Hypoderas 
was supported by 12 species. Giebel also objected to Filippi’s procedure 
of naming Hypodectes nycticoracis after the host, since Ardea nycticorax 
shelters two species of the genus, 

A comparison of the dates of publication of the original descriptions 
of these two genera shows that Filippi published in June, 1861, while 
Giebel’s paper appeared in October-November of the same year. The 
present authors therefore consider that the correct generic name should 
be Hypodectes and that Giebel’s reasons for retaining the name Hypo- 
deras were inadequate. 


Received for publication, November 14, 1941. 

The writers are gratefully indebted to Dr. M. A. Stewart, Dr. R. L. Usinger, 
and Dr. T. I. Storer for suggestions and criticisms. 
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Robin and Megnin (1877) published observations on the life history 
of Hypodectes cohmibae Slosarski found in pigeons and showed that it 
was a hypopiai nymph of PteroUchus falciger, a feather mite, now called 
Falcidifer Buchholz. According to these authors, the normal 

nymph molts into the hypopiai stage during adverse environmental con- 
ditions, as during molting of the bird, etc. The hypopiai forms migrate 
internally through feather follicles or respiratory organs of the bird host 
and come to lie in subcutaneous or tracheal tissue, there to live and grow 
until such time as external conditions become normal when they return 
to the outside and take on, their original form. This deviation of the 
normal life cycle is supposed by these authoi's to be a means of saving 
the colony from destruction. 

In vie-w of the findings of Robin and Megnin (/(9c. ni.) the genus 
Hypodectes probably has no true taxonomic standing, but like the hel- 
minth genera Cere aria, Cysticerciis, Microfilaria, etc., it is used to desig- 
nate immature forms for which the adult stages may be unknown. 

Since the life history of the present form has not been studied it seems 
advisable to establish a new species for its reception until such time as the 
taxonomic position of the adult stage has been definitely determined. 

The authors take< great pleasure in naming this species after Dr. E. 
A. Chapin who has been kind enough to refer us to information on the 
affinities of this species. 

Hypodectes chapini n. sp. 

(Fig- 1) 

General appearance white and smooth with brownish sclerotized areas; measure- 
ments 0.54 to 1.15 mm long by 0.22 to 0.42 mm wide (through middle of cephalo- 
thorax) ; anterior end abruptly truncate; end of abdomen evenly rounded. Cephalo- 
thorax convex dorsally and flattened ventrally ; triangular area with sclerotized 
margins present on anteroventral surface; no trace of anterior body opening, sensory 
papillae, or penetrating apparatus. Mouth-parts absent. Legs, eight in number, two 
pairs anterolaterally and two pairs posterolaterally on ventral side of cephalothorax. 
Four distinct segments plus a terminal appendage on all legs ; basal segment largest ; 
terminal appendage with one long and one or two short hairs. Legs articulate to 
sclerotized supports on body wall. Small shelf-like projection of body wall dorsal 
to each posterior group of legs. Only body opening detected, a median slit with two 
lateral lips connected by muscle fibers to body wall, located in medio-ventral line 
between fourth pair of legs. Abdominal constriction, between cephalothorax and 
abdomen, very marked in some specimens so that abdomen appears heart-shaped; 
constriction less distinct in others. Abdominal constriction traversed ventrally by 
one large and in some specimens one or two pairs of small sclerotized areas which 
appear thickened internally ; sides of constriction with small indiistinct sclerotized area 
laterally. Posterior end of abdomen with sclerotized cap traversing abdomen ven- 
trally, also dorsally to abdominal constriction ; abdomen, like cephalothorax, rather 
flattened ventrally and convex dorsally. Degree of sclerotization variable, some in- 
dividuals with little trace of terminal sclerotized cap or triangular area and less 
sclerotization of leg supports ; no constant correlation between body size and degree 
of sclerotization. 

Internal structures (observed in whole mounts and by micro-dissection) are 
muscle fibers on body wall, and many large cells containing spherules and granules 
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of various sizes ; large cells appear to contain much fatty material Digestive tract 
lacking* Muscle fibers extend from body wall to lips of body opening and to legs. 
Cuticle of body wall smooth externally, but covered on inner surface with many small 
tubercles and ridges, especially in areas of heavy sclerotization* 

Host. — Colaptes cafer collaris Vigors (Red- shafted flicker). 

Location. — Connective tissue cysts on trachea and oesophagus. 

Locality.— D^sns, California. 

Type and 4 paratypes in U.S.N.M. No. 1383, remaining paratypes in 
senior author\s collection. 




Fig. 1. Hypodectcs chapini 
Drawing by camera lucida — ^ventral view. 

I, II, III, IV— legs 

BO — body opening LSA — lateral sclerotized area 

L — lip of body opening TA — ^triangular area 

LC — large cell TSC — ^terminal sclerotized cap 

LS — leg support VS A — ventral sclerotized area 
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Hypodectes chapini may be distinguished from the other species of 
the genus by the abdominal constriction behind the last pair of legs, the 
lack of body setae except on the legs, and the sclerotization pattern of 
the body. 

The genus Hypodectes has been reported from the United States in 
domestic pigeons by Garman (1884), Kellicott (1892), and Ward 
(1894), and from the little blue heron {Florida caerulea) by Leidy 
(1890). Beebe (1902) reported mites (apparently of the g^nns Hypo- 
dectes) from subcutaneous tissue on each side of the keel of the sternum 
in the white ibis {Guara alba) in the New York Zoological Park. He 
also noted similar forms in the little blue heron (Ardea caeridea), the 
great-crowned pigeon {Goura coronata), the Nicobar pigeon (Calaenus 
nicobarica), and the roseate spoonbill (Ajaja ajaja) . This author as- 
cribes mortality among these birds to the presence of the mites. Ward 
(1902) doubts that the mites were the cause of mortality in these in- 
stances. Several of the bird hosts noted by Beebe (1902) were already 
known to harbor various species of Hypodectes, a fact of which Beebe 
was apparently iina'ware. 

Dr. E. A. Chapin states (personal correspondence) that he has recov- 
ered specimens of Hypoderas Hypodectes) several times from post- 
mortem examination of wild birds. 

Hypodectes chapini n. sp, is evidently the first member of this genus 
that has been recorded for Colaptes cafer collaris and the second species 
to be specifically identified in North American birds, the first being H, 
coliijubae mentioned above. 
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A MODIFICATION OF ZINC SULFATE CENTRIFUGAL FLOTATION 
METIiOD FOR RECOVERY OF HELMINTH OVA IN 
FORMALINIZED FECES 

The zinc sulfate centrifugal flotation technic (Faust et al, 1938, Am. J. Trop. 
Med. 17 : 797-84) was substituted for the Willis brine levitation technic in order to 
detect both protozoan cysts and helminth ova. This was done at a time (Sept., 
1940) when formalinized fecal specimens were being examined in this laboratory. 
In subsequent fecal examinations zinc sulfate CF was found to yield a low incidence 
of hookw'orm in specimens coming from regions of this state where a high hookworm 
incidence was known to be i^resent. 

In addition, zinc sulfate CF as originally described was found to be excessively 
time consuming in this laboratory where fifty to seventy-five thousand fecal speci- 
mens are examined annually, 
i Different modifications of the zinc sulfate CF method were tested and the 

f • results compared with those obtained by the Willis' brine levitation method. Every 

I formalinized fecal specimen was thoroughly comminuted and divided into two equal 

! portions before being submitted to any diagnostic procedure. 

I What was considered to be a satisfactory modification of the zinc sulfate CF 

I' method was found, and this paper presents the results obtained with the original 

method and the modified method. In^ach case the results were compared with those 
L obtained by Willis’ brine levitation. 

I The following is a brief description of the methods used in this study : 

I (1) The zinc sulfate CF using zinc sulfate solution of specific gravity 1.180 ; 

I the preparations of feces were strained through cheesecloth, washed two times, and 

I the surface layer material recovered by the superimposed coverslip method. This is 

i the same as that described by Faust et al (1938). 

( (2) Willis’ brine levitation. The emulsified specimens were poured into small 

metal boxes, the latter filled with brine specific gravity 1.200 and a large glass fecal 
slide superimposed over each box. After five or ten minutes these slides were 
examined. 

(3) A modified zinc sulfate CF similar to No. 1, except that a zinc sulfate 
solution specific gravity 1.200 was used and cheesecloth straining and the second 
washing were omitted. The surface layer material w^as removed by the super- 
imposed coverglass method. 

Centrifugation time was the same in both centrifugal flotation procedures. 

' A preliminary series of 100 formalinized specimens was examined by methods 

^ (1) and (2). These were thoroughly comminuted and divided into two equal por- 

tions. All had been in contact with 3-4 per cent formalin for about two weeks, and 
were from a region of high hookworm incidence. Method (1) revealed 10 (10 
per cent) positives for hookworm and method (2), 60 (60 per cent) positives. 
Method (T) did not reveal any positives not found by method (2). 

‘ A second group of 1,222 formalinized fecal specimens obtained from a wide 

variety of places in Florida was examined by methods (2) and (3). The results 
of this series are presented in the accompanying table. 


Table 1. — Incidence of helminth infections revealed by methods (2) and (3) in 1,222 

fecal examinations 


Eggs of 

NaCl. lev. No. (2) 

ZnS04 CP No. (3) 

Total 

incidence 

Number 

Per cent 

Number 

Per cent 

, 

Hookworm 

407 

33.3% 

403 

32.1% 

470 

As carls 

' 25 

2.0% 

31 

2.4% 

31 

Whipworm 

10 

0.8% 

7 • 

0.6% 

''12, 

Pinworm , 

9 

0.7% 

9 

0.7% 

15 

Tapeworm (H. nana) . . 

0 

0.0% 

2 ' 

! 0.1% 

'■ 2 

Total helminths 

451" ■ 

36.9% 

■ 462 

! 37.0% 

530 
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In the hrst series o£ 100 fecal examinatroiis no positive specimens were found 
by zmc sulfate CF that were not found by Willis’ brine levitation. Thus 60 repre- 
sents the total incidence for hookworm, the brine revealing 50 more than the zinc 
sulfate CF. 

In the second series of 1,222 this was not the case. Zinc sulfate revealed 340 
(a) cases of hookworm that were also found positive by the Willis’ brine levitation 
method. Tm Willis’ brine levitation revealed an additional 67 (b) cases missed by 
zinc sulfate CF. Thus Willis’ brine levitation revealed (a) plus (b) (340 plus 67) 
or 407 positives. On the other hand, zinc sulfate CF revealed hookworm in an addi- 
tional 63 (c) cases missed by brine. Zinc sulfate revealed (a) plus (c) (340 plus 
A 7 a P'^'sitives Thus, (a) plus (b) plus (c) (340 plus 67 plus 63) equals 

4/U, or the total number of specimens positive for hookworm in the 1,222 specimens 
examined by these two methods. 

The increased efficiency as a result of the modification of the zinc sulfate CF is 
obvious. In the first 100 specimens the Willis brine method found 50 per cent more 
hookworm than the zinc sulfate CF, while in the latter 1,222 specimens, the brine 
recovered only 1.2 per cent more hookworm than zinc sulfate CF. Furthermore, 
the time required to perform method (2) was less than half that required for method 
Summers, Senior Parasitohgist, Bureau of Laboratories, Florida 
State Board of Healthy Jacksonville, Florida, 

THE PERIODICITY OF OOCYST DISCHARGE IN COCCIDIYL 
INFECTION OF CHICKENS 

. '^*^**^ oocyst discharge in sparrows and pigeons affected with coc- 
cidiosis has been demonstrated by Boughton' (1932, J. Parasitol. 19: 177- 1934 
I id. 20 ; 329; 1 937, Ibid. 23 : 291-293). The e.xperiments described herein were 
performed to determine whether or not a similar phenomenon characterized the 
development of coccidial oocysts of the chicken. 

_ Coccidia-free White Leghorn males, seven weeks old, were used. Five groups 
of nine to ten birds each were dosed into the crop with suspensions of sporulated 
oocysts of Eimcrxa praccox, E. mitis, E. maxima, E. hagani and E. nccatrix, respec- 
tively, in the month of July. The birds in each group received the same number 
of oocysts varying from 800 of E. maxima to 8,900 of E. nccatrix. By mistake 
the dose of B. hagani was much larger (300,000). The doses were kept small pur- 
posely to avoid producing severe' infections which rvould alter the feed intake 
chaia,cter of the feces, etc. E. hagani, a non-pathogenic species, had no effect on 
the birds despite the size of the dose. Each group was dosed at 9 AM at a date so 
chosen that the first discharge of oocysts resulting from the infection occurred on 
the same day in every group. In this way there was assured a uniformity in the 
environmental influences that might have had an effect on the oocyst discharge of 
the dmerent species. Sterilized holding batteries with wire screen floors and re- 
movaWe dropping pans housed the five groups. An adequate all mash ration was 
mcl. fieces of each group were collected and weighed at 9 AM, 3 PAI and 9 PM 
Oocyst counts were made according to the method already described (Levine 1939’ 
Cornell Vet. 29 ; 309-320). The total number of oocysts discharged and the per- 
f oocyst and fecal discharges for each of the three periods 

of the 24 hours were computed and graphed. B. acervulina was not available at the 
time this_ study was made. E. tcnella was not used since infection witli this species 
in many instances, causes the formation of a caseous plug in the cecal lumen, thereby 
preventing the discharge of oocysts from that organ. 

The results are indicated in the series of graphs in Fig. 1. The amount of 
feces collected during each of the three periods of the day was about the same, 
there was a tendency for a slight increase during the 9 AM to 3 PM interval. 

1 he discharge of oocysts, however, fluctuated in a periodic manner, although the 
steepness of the curves for each of the species was not the same. The most marked 

Tp^f hours from 3 PM to 

J PM, 87% to 91% of the total daily output was eliminated. An insignificant num- 


mif - 
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ber of o 6 c 3 ^sts were eliminated during the rest of the day. Two other trials with 
E. hagani on different occasions yielded similar results. None of the other species 
discharged so many oocysts in such a short time. The number of oocysts of E. 
praecox TtzchQd a peak during the same time interval but the discharge during the 


E. necatrix 


E. hagani 


maxima 


mitts 


SOn praecox 


39 939 939 93 9 939 9 

PM PM AM PM PM AM PM PM AM PM PM AM PM PM AM 

Fig. 1. Periodic fluctuations in the percentages of oocysts (solid line) and 
feces (broken line) discharged by experimentally infected birds during the periods 
between 9 AM-3 PM-9 PM. 

rest of the day accounted for from 26% to 43% of the total. The same was true 
for E. mitts except that the curve was flattened still more, since from 37% to 55% 
of the oocysts were discharged during 9 PM to 3 PM the following day. The 
results with E. maxima were somewhat erratic since the peak of the curve was not 
reached during the same period each day. On three days, the greatest number was 
discharged during the 3 PM-9 PM interval while on two days the peak was reached 
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between 9 AAI and 3 PM. With the exception of the last day, the discharge of 
oocysts of E. maxima was smallest during the 9 PM'-9 AM period. E. necatrix 
differed from all the other species in that the greatest oocyst discharge occurred 
during the night and early morning, between 9 PM and 9 AM. From 47% to 
62% of the oocysts were eliminated during this time. One cannot conclude, how- 
ever, from examination of the graph, that the formation of oocysts of E. necatrix 
occurs periodically even though the apparent discharge makes it appear so. The 
oocysts of this species are produced in two cecal pouches. These organs not only 
empty themselves independently of one another, but also independently of the rest 
of the intestinal tract. Consequently, until some way is found to collect the cecal 
discharges separately from those of the intestine, it will be impossible to determine 
whether there is true periodicity in this species. 

Undoubtedly, the shape of the curves might have been different had this study 
been made during another time of the year when the number of hours of daylight 
are smaller, or had other time intervals been chosen. However, since all of these 
trials were run simultaneously, the basis for comparison is identical. The periodic- 
ity of E. hagani is so characteristic, that it may be used as another criterion for the 
identification of this species in addition to those described previously (Levine, 1938, 
Cornell Vet 28: 263-266), — P. P. Levine, Department of Pathology and BacterioL 
ogy. New York State Vetermary College, Ithaca, N,' F. 

PARASITOLOGICAL SURVEY OF LOUISIANA MUSKRATS 

This paper contains a general report of the parasites of the Louisiana muskrat 
{Ondatra Abethica rivalica Bangs), with notes on the incidence of some of the 
species found. All of the muskrats were trapped in 1939-40 and 1940-41 in several 
localities along the Louisiana coast. Principal among these is the Willow Bayou 
area of the Sabine National Wildlife Refuge in Cameron Parish, the Vermilion 
Bay area in Vermilion Parish, and the Michaud marsh in Orleans Parish. 

In addition to Ernest C. Martin for collaboration on parts of this study, the 
writer is indebted to Dr. Carl E. V^enard, Ohio State University, and Dr, J. E. 
Shillinger, U. S. Fish and Wildlife Service, respectively for identifications of the 
pentastome and most of the helminths; to Florence Brooks Kreeger and Dr. Harley 
N. Gould, Tulane University, for many of the carcasses examined; and, to Harry 
E. Adams, Julian A. Howard and others of the Sabine National Wildlife Refuge 
personnel for cooperation during the course of the work. 

Of the total of 1,780 muskrats examined in the past two trapping seasons, only 
53 were more or less completely searched for all parasites ; the remainder were 
examined for only several particular species. All autopsies were made in the labo- 
ratory from freshly-skinned carcasses as they were secured from the trappers. 

Because of their semi-aquatic habitat, natatorial predilections, and often heavy 
concentrations one would expect muskrats to be subject to infections by large num- 
bers of helminths, especially trematodes, and other parasites. Svilila and Svihla 
(1931, J. Mamm. 12: 12-18) have reported that muskrats of Louisiana were prac- 
tically free of parasites. 

EXTERNAL PARASITES 

Probably because of the condition of the marshes at the time of the studies, 
during which rainfall was good and the water level at an optimum depth in the run- 
ways, very few?' external parasites were obseiwed. 

Mites — Tetragonyssus spiniger & Stover were most abundant in the 

nests of the young muskrats. At Willow Bayou they were present on about one- 
fourth of the muskrats, but there were seldom more than one or two to the animal. 
Trappers in all parts of the state report that in drought years the muskrats become 
very heavily infested with mites and that at such times their own clothes must be 
changed frequently to get rid of the “vermin’’; these mites, however, seem to die 
soon after leaving the fur of the host. Svihla and Svihla (1931) noted mites on 
muskrats at Avoca Island near Morgan City, St. Mary Parish, La. 
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Diptera. — Several larvae of the flesh-fly, Sarcophaga sp., were found in the fur 
of two muskrats from Willow Bayou. 


INTERNAL PARASITES 


Protozoa. — Two species were found in the intestines of some muskrats. Giar- 
dia, apparently the recently described G. ondatrac (Travis, 1939, J, Parasitol. 25: 

was of common occurrence in all of the intestinal smears examined, and 
small flagellates, probably Trichomonas sp., were also found in several duodenal 
smears. 

Nematodes. — Capillar la hepatica (Bancroft) occurred in 10 percent of Michaud 
muskrats, nearly SO per cent of Vermilion Bay Vats, and was completely absent at 
Willow Bayou. C. hepatica has been recorded from muskrats also by Price (1931, 
J. Parasitol. 18: 51) and Warwick (1936, Parasitology 28: 395-4(ji). 

Rictnlaria sp. and Physaloptera sp. were found in small numbers in about one- 
fourth of both the Michaud and Willow Bayou animals- Chandler (1941, J. Para- 
sitol. 27: 175-181) has just described Rictnlaria ondatrae from muskrats in south- 
eastern Texas. 

Longistriata adunca was found in one muskrat from Willow Bayou. 

Tapeworms. — Only two were encountered, both from Willow Bayou, and have 
been identified as Hymenolepis evaginata. 

Tremafodes. — In spite of the tremendous number of flukes encountered in the 
small intestine of the Michaud muskrats, apparently only three species were present. 
The most common by far was the small monostome Nudacotyle novicia Barker. In 
some muskrats they covered the walls of the intestine, very large numbers being 
recovered in zinc sulfate flotations. This species, however, was of rare occurrence 
in the Willow Bayou area, nor did Chandler (1941) find it abundant in east Texas. 

Echinochasmus sc Jnvartsi Price w'as of high incidence at Willow Bayou, but 
rare at Michaud. This species was the most abundant of those found by Chandler 
(1941) in east Texas. 

A few specimens of Paramonostomnm pscudalvcatnm Price, were found in a 
single muskrat from Willow Bayou. 

Pentastomes. — A nymphal pentastome of the family Porocephalidae, Poro- 
cephalus crotali (Humboldt), infecting mainly the liver and lungs occurred in 9% 
of the muskrats from the whole state. Infection by this parasite has been studied 
in detail and is reported elsewhere (Penn and Martin, 1941, J. Wildlife Manage- 
ment 5: 13-14; and Penn, 1942, J. Parasitol. In press). 

SUMMARY 



Thirteen species of parasites are recorded from Louisiana muskrats. These 
include one mite, one flesh-fly larva, two flagellated protozoa, four nematodes, three 
trematodes, one tapeworm, and one nymphal pentastome. — George H. Penn, Jr., 
Wildlife and Fisheries Division, Louisiana Department of Conservation, New 
Orleans. 

COCHLOSOMA ROSTRATUM FROM THE TURKEY 


In 1923 Kotlan (Centr. Bakt. I Abt Orig, 90: 24-28) described as a new^ 
genus, Cochlosoma, a flagellate found in the cecum of European domestic ducks. 
He named this species Cochlosoma anatis. He found it in ducks which showed 
inflammation of the intestinal tract. 

In 1934 Kimura (Tr. Am. Micr. Soc. 53: 102-115) found a representative of 
the same genus in Muscovy and white Pekin ducks in California. Certain morpho- 
logical characteristics, principally the shape of the sucker, convinced him that it 
was a new species, which he named Cor/z/o-yowa rostratum. He found it to be 
widespread in occurrence in ducks in this state, although more abundant on ranches 
than in market birds. Cochlosoma rostratum measures 6-10x3.9-6.7 microns. The 
most characteristic organelle is the ventral sucker which is half the length of the 
body and in fresh preparations reminds one of Giardia, although the curvature and 
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depth of the sucker is more pronounced. ‘‘The characteristic movement is constant 
circling in a very small radius with a spiral twisting of the body.” This is in con- 
trast to the jerky movement of Trichomonas, or to the rapid darting motion of 
Hexamita. 

In our studies of infectious catarrhal enteritis (hexamitiasis) of turkey poults 
(1938, Cornell Vet. 28: 281-293) we have observed a flagellate which is indistin- 
guishable morphologically from C. rostratiim. In young poults we have found it 
throughout the intestinal tract, and in adults in the region of the cecal tonsil. 
Kimura found it usually only in the large intestine and occasionally in the lower 
ileum of ducks. Unlike Kotlan he felt that it was of no pathogenic significance. 
Since the age of the ducks Kimura examined is not clear, it is possible that in 
ducklings the organism may be found throughout the intestine. In turkey poults 
we have always found it associated with Hexamita or in combinations of Hexamita 
and Salmonella, 

The true significance of this parasite in turkey poults or ducklings has not 
been determined. — E. McNeil and W. R. Hinshaw, University of California, 
Division of Veterinary Science, Dams, California. 


A SEVEN-YEAR-OLD INFECTION OF CRYPTOCOTYLE LINGUA 
CREPLTN IN THE WINKLE LITTORINA LITTOREA L. 

In 1935 I collected several hundred specimens of Littorina littorea L. One of 
the largest of these molluscs, measuring 33 mm in length, was infected with the 
trematode Crypt ocotylc lingua Creplin. It has been kept by me since that date 
in filtered sea water, and is incidentally the only one of my experimental animals 
to survive the Plymouth “blitz.” In a letter (Nature, 1940, 146: 367) I recorded 
that approximately 5,500,000 cercariae had emerged during five years, and in August 
1938 the mean daily count was still 830. Curiously this figure has now risen to 
approximately 1,600 cercariae per 24 hours. 

As filtered sea water has been used throughout the experiment, any possibility 
of re-infection is precluded. I think, therefore, it is worth while drawing attention 
to the fact that a single infection has survived nearly seven years and is still 
producing thousands of cercariae. This is in itself no evidence against the current 
theory of germinal lineage, to which many helminthologists subscribe, but the im- 
plications are interesting, and it certainly raises several points relating to the 
phenomenon which require investigation.-— Miriam Rothschild, A Ait on Wold, 
Peterborough, England. 
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NOTES ON THE MUSCULATURE OF THE MALE GENI- 
TALIA OF HAEMONCHUS CONTORTUS 


, W. L. Threlkeld and M. E. Henderson 
Virginia Agricultural Experiment Station, Blacksburg, Virginia 

In connection with certain unpublished studies dealing with gameto- 
genesis in tlaemonchus contortits, mass sectioning of material under 
study revealed several longitudinal sections in dorso-ventral sequence, of 
the posterior region of the male worm. While the anterior portion ap- 
pears slightly below the level of the more posterior region and the whole 
section is slightly tilted toward the left (thus rendering structures on the 
right more prominent to the observer) nevertheless, an unusually good 
picture of the organs involved is presented. Cross sections through this 
region from the posterior intestinal glands to the cloaca inclusive were 
photographed. These show the relationship of the organs herein 
described. 

Fig. 21, Plate V is a photomicrograph showing the position of the 
spicules upon extrusion. It is here seen that the anterior portions of the 
spicules are in juxtaposition with the posterior intestinal glands (1. Gl). 
Such a position of the spicules wmild place that portion of the spicules 
as indicated by the arrow, Fig. 7, Plate II, very near the opening of the 
intestino-germinal canal shown by the arrow in Fig. 20, Plate IV, formed 
by the junction of the vas deferens and intestine as shown by the arrow 
in the sagittal sections, Fig. 22, Plate V. The sections were cut at seven 
microns and stained in Heidenhain's iron hematoxylin. 

The muscles involved in the retraction and extension of the spicules 
and the operation of certain bursal rays together with the location of 
glandular structures along the intestine and also the position of the pos- 
teriad region of the vas deferens were photographed. Camera lucida 
drawings were made, and the above-mentioned structures are herein 
briefly described. 

Fig. 1, Plate I, shows the gubernaculum and the dorsal ray. The 
gubernaculum is strongly supported and held in place by longitudinal and 
transverse muscles as shown in Fig. 11, Plate III. Springing from each 
side of the gubernaculum is a thin cuticular structure which completely 
encircles the spicules and separates them from the intestine. 

Received for publication, August 14, 1941. 
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Fig. 2, Plate I, shows a more ventral section. Here is seen, a portion 
of the gubernaculum and the spicules faintly defined on each side of and 
anterior to the gubernaculum. 

Fig. 3, Plate I, depicts a further ventral section just below the guber- 
naculuin. The right spicule is more prominent than the left. The 
thickened recurved shanks of the spicules slightly overlap. The vas de- 
ferens appears near the bulge of the shanks of the spicules and proximal 
to the grooves which characterize the shanks. The spicules terminate in 
a heavily muscled sheath. 

Fig. 4, Plate I, is a still more ventral section. Portions of the heads 
of tlie spicules ai’e visible together with the muscles which operate the 
spicules. Parts of the cloacal muscular system and one pair of glands 
situated anterior to the cloaca are seen. 

In Fig. 5, Plate I, the cloacal dilator muscles are more evident, and 
posterior to the gland described in Fig. 4 there may be seen two addi- 
tional glands. 

Fig. 6, Plate I, shows the cloacal dilatory muscles and the intestine 
midway between these muscles. The anterior portion of the intestine is 
constricted, whereas the more posterior portion is dilated and empties 
into the cloaca wherein may be seen the ends of the spicules. 

Fig. 7, Plate II, is a camera lucida drawing of the section appearing 
in Fig. 4 to which were added the essential structures appearing in sec- 
tions 2, 3, 5, and 6, and affords a basis for the interpretation of the func- 
tion of the structures already presented. These functions are defined 
primarily on their various anatomical locations, origins, and insertions. 

The origins of muscles 1 and 3, Retractor spicularis lateralis (1 and 
3), could not be definitely determined, but apparently they arise laterally 
trom the body walls of the worm. They are inserted on the heads of the 
spicules and their function is to retract the spicules. 

jMuscle 2, Retractor spicularis centralis (2), apparently arises from 
the dorsal wall of the body of the worm and proceeding caudally bifur- 
cates into two smaller portions which insert on the heads of the spicules. 
Its function is to retract the spicules. 

JMuscle 4, Protractor spiciilaris, and its opposite fellow running from 
the heads of the spicules to w^ell within the bursal lobes arises from the 
inner walls of the rays of the lobes and proceeds cephalad. It receives 
two muscular serrations arising laterally from the wall of the body before 
it inserts along the lateral anterior one-third of the spicule and on the 
head of the spicule. Its function ttpon contraction is to cause protrusion 
of the spicule and probably assists in contraction of the bursa. The 
caudal ends of the spicules are encased in a cuticular and heavily muscled 
sheath. This latter seems also to include vent rally the terminal portion 
of the conventionally defined cloaca. 
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Muscle 5, Dilator cloacae, and its fellow on the opposite side arise 
from the walls of the body and insert on the cloaca, the cuticular body 
wall and spicule sheath. The function of these two muscles is to dilate 
the cloaca and the cloacal aperture. 

Muscle 6, Bursa expansa, lying along the floor of the caudal wall of 
the worm arises from the rim of the cuticular opening of the cloaca and 
inserts on the lateral body wall and the inner rim of the exterior wall of 
the bursal rays. Its function is to expand the bursa. 

It seems, from a study of the materials here presented, that there are 
more than one of the muscles 5 and 6 as these muscles or remnants of 
these muscles appear in five different sections. 

Fig. 9, Plate II, is a photomicrograph x 900 of the thickened shank 
and posterior portion of the spicules as seen in Fig. 3. Within the 
grooves of the shank are the sperms enclosed in their gelatinous 
envelopes. 

The camera lucida drawing, Fig. 8, including the same sectional area 
as that shown in Fig. 9 shows in addition a portion of the vas deferens 
from which a sperm has been dislodged. 

The sperms lying within the grooves of the spicules were seen in sec- 
tions on other slides. In one particular instance the spicules were not 
cut by the sectioning knife but were entirely displaced from their sur- 
rounding structures, revealing a clearer picture of the position of the 
sperms than the one here presented. Cross sections through the anterior 
rectal glands (Figs. 10 and 11, Plate III) show the muscular support of 
the gubernaculum and the anatomical relationship of the gubernaculum, 
spicules, spicular sheath, vas deferens and intestine. In a series of cross 
sections, Figs. 12 to 20, Plate IV, inclusive, the intestine and vas deferens 
evidently approach each other and join to form one canal. The lumina 
of these respective tubes are almost obliterated by the intimate structure 
of the intestinal glands which empty into the resulting canal which pro- 
ceeds caudad and empties directly into the cloaca (see arrow, Fig. 20). 
It is at this point that sperms pass into the spicules. 


DISCUSSION 

Looss (3) describes three pairs of muscles of the guiding-piece 
(gubernaculum) and concludes his description thus: "'Comparing now 
the various effects just described as probably produced by the six muscles 
of the guiding-piece it becomes obvious that by their help the tip of the 
latter is enabled to move, within certain limits of course, in every direc- 
tion, a capability which is no doubt of importance during copulation.*’ 
Similarly placed muscles are described by Looss for Ancylostoma duo- 
denale. There is considerable evidence in this study, Plate III, Fig. 11, 
that three pairs of muscles are intimately connected with the gubernacu- 



luni which cduIcI produce slight movement in three directions ; namely, a 
cephalad-posteriad, dorso-ventral, and a lateral direction. These 
muscles, however, could not be traced in entirety in the material available. 

The insertion of muscle 5 and the entire muscle 6, Plate II, corre- 
spond to certain muscles of the genital cone as described by Looss (3). 
The more anterior structures lying along the spicular sheath described in 
Fig. 4, Plate I, as glands are described by -Looss (3 and 4) as muscle cells 
which give rise to rectal, sphincter muscles. 

Xo muscle fibers arising from these structures could be discerned in 
this study and since they are intimately connected with the lumen of the 
intestine they are designated rectal glands. 

Muscles 1 and 3, Plate II, are described by Looss (4) under the cap- 
tion Miiscidi retractor es. Muscle 2, Plate II, was not observed by Looss. 
Muscle 4 and its opposite fellow are described as Musctdi exsertores 
spicitlormn. Their descriptions in general parallel the description here 
given witli the exception that they are located by Looss (4) as originat- 
ing in the crest of the cloacal wall near its anterior end instead of well 
within a bursal ray. The latter description would serve to assist in con- 
tracting the bursa before the spicules are extruded through the anal aper- 
ture. 

Looss (4) also observed sperms on the flattened side of the spicules 
between the two longitudinal crests. He explains the presence of the 
sperms in the canal formed by the proximity of the spicules as being 
sperms which were not all carried out during copulation and upon retrac- 
tion of the .spicules were drawn back into the spicular sheaths. He 
further excludes the possibility that they made their way there from the 
point where the ductus ejaculatorius enters the cloaca. It is here sug- 
gested that in H, the sperms enter the spicules directly from 

the terminus of the intestino-germiiial canal and are carried in the grooves 
of the spicules to the vagina of the female during copulation. It would 
be difficult for the sperms to gain their position in the grooves of the 
spicules b}' other means since the spicules pass through an imperforated 
cuticular canal and are closely applied to each other upon their emergence 
into the cloaca. It is conceivable, however, that the spicular apparatus 
can be moved into a position most favorable for the reception of the 
sper-ms between the spicules. This position is well illustrated in Plate V, 
Fig. 21. Here the anterior end of the spicules approximates the glandu- 
lar i-egion of the rectum and brings the anterior grooved portion of the 
spicules opposite to the opening in the intestino-germinal canal 


SUMMARY 

A study of longitudinal and cross sections through the posterior re- 
gion of the male nematode, H. contortus, shows : 


THRELKELD AN 


That the gubernaculum is supported and slightty activated by longi- 
tudinal and transverse muscles and that the location of these muscles 
implies that slight movement is possible in three directions. 

Other muscles are described and their functions are explained on the 
basis of their origins, insertions, and locations. 

a. Muscles 1 and 3, each named Retractor spiciilaris lateralis, func- 
tion— to retract the spicule. 

b. Muscle 2, Retractor spicularis function— to retract the 

spicule. 

c. Muscle Ar P rotractor spiciilaris, function— to. extrude the spicule 
and assist in contraction of the bursa. 

d. Muscle 5, Dilator cloacae, function— to dilate the cloaca. 

e. Muscle 6, Bursa expansa, function— to expand the bursa. 

Upon extrusion of the spicules the anterior portions of these organs 
wherein are the origins of the longitudinal grooves, assume a position 
opposite the break in the wall of the intestino-gerniinal canal and here 
receive sperms passing down through this common canal from the vas 
deferens. 

Spermatozoa contained in gelatinous capsules are found in the grooves 
formed by the longitudinal spicular ridges. 

The spicules conjointly act as a penis to transfer the spermatozoa 
from the male into the vagina of the female during copulation. 

Two to three pairs of intestinal glands are present proximal to the 
intestine. 
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: Plate I 

Figs. 1-6. Photomicrographs x 100 of dorso-ventral sections in series through 
posterior portion of the male Hacmonchiis contortns, showing location of organs 
describecl 
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Plate II 

Fig. 7. Composite camera lucida drawing x ISO, reduced to 5/6 original size, 
of the essential structures appearing in Figs. 2-6, inclusive. 

Fig. 8. Camera lucida drawing x333, reduced to 1/3 original size. Same sec- 
tion as photomicrograph, Fig. 9. 

Fig. 9. Photomicrograph x 900 of a portion of the spicules showing sperms in 
the grooves of the spicules. 
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Plate III 

Fig. 10. Photomicrograph xQOO. Transverse section through the posterio 
portion o£ a male H. contortus. The large black structure in the lower left han^ 
corner of the picture is the gubernaculum. There follow in sequence the spictilei 
the intestine, and the glandular vas deferens. 

Fig. 11. Same section as shown in Fig. 10 in slightly different plane showin; 
support of gubernaculum by transverse and longitudinal muscles. 
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Plate -IV ■■ , , 

Figs. 12-20. Photomicrograph x 810. Transverse sections in series from the 
region of the posterior intestinal glands to the cloaca showing the highly glandular 
portion at the mergence of the intestine and vas deferens and the connection of the 
resulting canal with the cloaca. 
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Fig. 21. Photomicrograph xlOO showing position of spicules upon extrusion. 
Fig. 22. Photomicrograph x900 of sagittal section showing portion of in- 
testino-germinal canal formed by the intestine (Int.) and the vas deferens (Vas.). 



SIPHONAPTERA: PTILOPSYLLA DUNNI, A NEW SPECIES 
OF BAT FLEA FROM PANAMA" 

Glen M. Kohls 

Associate Entomologist, United States Public Health Service 

Among materials recently received for determination from the Ameri- 
can Museum of Natui'al History through the courtesy of Dr. C. HV Cur- 
ran, were 3 males of the genus Ptilopsylia Jordan and Rothschild, 1921,^ 
collected from a bat, Molossus coibensis Allen, Panama City, December 
6, 1933, by L. H. Dunn. The specimens were thought to represent a 
new species and one was sent to Dr. Karl Jordan, of the British Museum, 
for comparison wath the only previously known species of the genus, Pt. 
leptina Jord. and Roths., 1921, which was described from a single male 
specimen collected from a ])at at Santissima Trinidad, Asuncion, Para- 
guay. The writer’s opinion was confirmed and Dr. Jordan stated that 
in the British Museum there are a male and female apparently trom the 
same lot. Comparative notes kindly furnished by Dr. Jordan are incor- 
porated in the description which follows. 




N. / Ptilopsylia diinni n. s\). 

Male 

Head: Frontal tubercle small but distinct. The two oral spines narrow, posterior 
one longer and broader than anterior one. Frons wnth an anterior row of ten bristles, 
the upper one longest and situated near anterior margin of antennal groove ; low^er 
bristle shorter than upper bristle but much longer than intervening ones. Ocular 
bristle, situated just above vestigial eye at anterior margin of antennal groove, long, 
reaching well beyond apex of genal process. Two other prominent bristles on frons ; 
one near anterior margin of antennal groove between ocular bristle and upper bristle 
of anterior row of frons, other above base of posterior oral spine at level of frontal 

Received for publication, August 11, 1941. 

1 Contribution from the Rocky Mountain Laboratory (Hamilton, Montana), ot 
the Division of Infectious Diseases of the National Institute of Health. 

2 Ectoparasites 1 : 158-162. 
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tubercle. Occiput with numerous rather stout bristles. Posterior margin antennal 
groove bordered with about 10 small bristles. Genal process acuminate ; tip rounded 
off. Maxillary and labial palpi equal in length and slightly less than half length of 
fore coxa. 

Thorax: Pronotum with comb of twenty-two curved spines ; also two rows of 
bristles and a few scattered additional bristles. The mesopleura bear about 15 
bristles. Rod dividing mesopleura in other genera obsolete but represented by rem- 
nant projecting dorsally from bar separating mesopleura from mesosternum. Mete- 
pimeron bears 14 or 15 bristles-. Metanotum with two short spines on each side. 

x4bdonien: Tergites and sternites with strong transverse incrassations. In- 
crassation of basal sternite short ; that of sternite VII broad, Y-shaped in lateral view. 
Tergite I with comb of about 8 spines, dorsal ones of which are two-thirds as long 
as dorsal pronotal spines. The two lower bristles of tergites II to VII wddely 
separated from other bristles. Sternite VII has 4 or 5 bristles on each side. One 
antepygidial bristle on each side. 

Alodified segments: Tergite VIII bears about 7 bristles above stigma including 
long bristle situated at about upper fifth of apical margin. Sternite VIII long, broad 
basally, narrowing gradually toward apex, upper margin nearly straight. On outside 
along ventral margin about 15 bristles of size found on eighth tergite; on inside a 
row of very closely set bristles, curved ventrad, each ending in fine w'avy filament. 
Longer bristles are near apex and longest is about length of hind tibia. Ventro- 
proximal margin of this sclerite is heavily sclerotized and extends to incrassation of 
seventh sternite. Manubrium of clasper short and broad. Clasper with two proc- 
esses upper one slender, pointed, conical, with an apical bristle and another situated 
subapically ; lower process much shorter, truncate, somewhat dilated apically and 
bearing two long, strong bristles. Exopodite (F in Fig.) broad proximally, ventral 
margin deeply notched, lower or posterior angle pointed, apical margin rounded and 
upper or anterior angle drawn out into posteriorly directed pointed hook. Apical 
portion of ninth sternite large, conical; posterior margin slightly incurved twice, a 
bristle situated distally to the proximo-ventral angle and another further distad, but 
before the middle. 

Length : Holotype, 1,8 mm (exclusive of sternite VIII). 

Host: B2Lt, Molosstts coibensis Allen. 

Locality: Panama City, Panama. 

Holotype: Male, in collection of Rocky Mountain Laboratory. 

Paratypes: One male, deposited in British Museum; one male in American Mu- 
seum of Natural History, New^ York City. 

According to information received from Dr. Jordan the female agrees 
with the male apart from the sexual differences but has the sclerotizations 
of the head, thorax and abdomen less pronounced. 

The species is very similar to Pt.leptina from which it may be most 
readily distinguished by the shape of the exopodite. In leptina the exo- 
podite is described as 'large, resembling a short-stalked mushroom; it is 
proximally narrow and soon widens out into a broad hood; the apical 
margin is rounded, the ventral (= distal) margin below the hood is deeply 
incurved, the anterior margin almost straight. The anterior (or upper) 
corner of the hood is truncate-rotundate ; the posterior (or lower) corner, 
which is much obscured in the specimen, appears to be broadly truncate, 
as indicated in the figure,” Also, in dunni tergite VIII bears about 7 
bristles above the stigma including the long bristle situated at about the 
upper fifth of the apical margin ; in leptino, there are 1 1 and the long 
bristle is situated at about the upper third. The mesopleura bear about 
15 bristles while in there are 22 or 23. 


STUDIES ON PHENOTHIAZINE. XL THE EXCRETION 
OF PHENOTHIAZONE^ 


I Floyd DeEds and John O. Thomas ; 

I Agricultural Chemical Research Division, Bureau of Agricultural Chemistry and ? 

; Engineering, United States Department of Agriculture, at the Department t 

j of Pharmacology, Stanford University School of Aledicine, J 

i San Francisco, California 

■ ■■ ^ ' ' ■■■■■■:' 'I 

I In recent years the status of phenothiazine has changed from tliat of ^ 

\ a laboratory curiosity and theoretical precursor of the thiazine dyes to ^ 

^ that of a compound with important insecticidal properties. More re- | 

; cently the compound has demonstrated its usefulness as a bactericidal | 

f agent in the treatment of urinary tract infections, as a fungicide, and as | 

an anthelmintic. The oxidation products of phenothiazine are the sul- j 

phoxide, phenothiazone and thionol. Under appropriate conditions the j 

leuco bases of the two latter compounds can be formed. Exposure of I 

phenothiazine to air, moisture and light results in oxidation to the pheno- 1 

thiazone stage at least. Oxidation in the animal body occurs with even | 

greater ease. Since some of the interesting pi*operties of phenothiazine i 

may be associated with the oxidation products it is desirable to record | 

information pertaining to the fate of phenothiazine in the animal body. ; 

In a previous paper on the fate of phenothiazine it was reported by I 

DeEds, Eddy and Thomas (1) that the gastric administration of pheno- 
thiazine to rats, rabbits and humans resulted in the urinary excretion of | 

phenothiazine in some water-soluble form, and of the reversible oxidation- - 

reduction system thionol-leucothionol. These authors also stated, “In a | 

personal communication, containing a report on the examination of a j 

sample of the precipitate obtained from a phenothiazine urine, Mr. ; 

Wheeler of the Food Research Division, U. S. Department of Agricul- 
ture, has stated that the precipitate was largely phenothiazine plus a small 
amount of phenothiazone.’^ However, it was impossible, at that time, to 
obtain additional evidence which was regarded as proof for the excretion 
of phenothiazone. This fact together with the statement in the literature 
(2) that phenothiazone and its leuco base are insoluble in water led to 
the conclusion that appreciable quantities of phenothiazone and its leuco 
base did not occur in the urine. 

The fate of phenothiazine in sheep has been studied by Collier (3) 
who reported that the oxidation product was phenothiazone, excreted 
almost entirely in the form of the ethereal sulfate of leucophenothiazone. 

Subsequently an examination of the urine of sheep dosed wdth pheno- 

Received for publication, October 11, 1941. 

^ Agricultural Chemical Research Division Contribution No. 43. 
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thiazine was also made by Lipsoii (4). In commenting on the report 
by DeEds, Eddy and Thomas, Lipsoii stated, “Their results, however, 
cannot be accepted as conclusive, as they were unable to isolate a ciystal- 
line product or derivative of thionol, and were forced to rely upon the 
method of oxidation-reduction potentials in order to characterize their 
product. As phenothiazone, another oxidation product of phenothiazine, 
will also give rise to a reversible oxidation- reduction system, this com- 
pound may have been pi-esent in the urine examined by these workers.'’^ 

This statement implies that determination of the potential of a rever- 
sible oxidation-reduction system and comparison of the potential with 
that of a system of known identity are not reliable criteria for establishing 
the identity of the system in question. The further implication seems to 
be that the method of potential measurement would not have permitted 
the differentiation of the two systems phenothiazone-leucophenothiazone 
and thionol -leucothionol. 

Because the measurement of oxidation-reduction potentials, where 
such measurements are possible, is not an orthodox procedure for identi- 
fication purposes, justification for its use merits some discussion. The 
usual procedure of identification by melting point and mixed melting 
determinations represents an identical behavior of a known and unknown 
system at one point. The plotting of the oxidation-reduction potential 
of a known system, having a ratio of reductant to oxidant equal to 1, 
against variations in pH, and the superposition on the resultant curve of 
potential values similarly obtained on an unknown system represents an 
identical behavior of the two systems at many points. Since the changes 
in slope of the curve at certain pH values are due to the presence of ioniza- 
ble groups, the chances that superimposable curves represent different 
compounds must be quite remote. The possibility of confusing the sys- 
tem thionol-Ieucothionol having two hydroxyl groups in the leuco form 
with the more positive system phenothiazone-leucophenothiazone, having 
one hydroxyl group in the leuco form, is negligible. Evidence that the 
phenothiazone-leucophenothiazone system is excreted in the urine of rats, 
rabbits and man,. and is more positive than the thionol-Ieucothionol sys- 
tem will be submitted below. 

The following quotation from the paper by DeEds, Eddy and Thomas 
(1) contains the evidence, at that time not recognized, that phenothiazone 
and particularly its leuco base occur in the urine of rats, rabbits and 
humans receiving phenothiazine : “The combined dilute alcohol solutions, 
after removal of the phenothiazine, were found to contain a considerable 
amount of the leuco base of the red dye, as indicated by results of aeration, 
addition of hydrogen peroxide, alkalinization, or oxidation facilitated by 
passage through a filter paper, all of which yielded a deep red solution, 
extractable with chloroform, as already described. Extraction of the 
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combined dilute alcohol solutions with ether in five-foot liquid extractors 
of about one liter capacity ^fielded a straw-colored ether extract. After 
spontaneous evaporation of the ether, the residue was extracted with boil- 
ing carbon tetrachloride and filtered while hot. The filtered carbon 
tetrachloride solution was chilled in an ice bath and evaporated to a small 
volume under a current of air. Fine needle crystals of an almost color- 
less product separated out, and were sucked dry on a micro suction filter. 
The product was dried in an Abderhalden dryer, and the melting point 
determined. The nearly colorless crystals slowly underwent spontaneous 
conversion to a dark red powder. The melting point of the crystalline 
product was found to be 172 to 174° C.'' 

Before submitting proof that the crystalline product melting at 172“ 
174° C is leucophenothiazone an error in the report by DeEds, Eddy and 
Thomas (1) should be pointed out. It was concluded that the product 
was probably the leuco base of thionoL If the potential of the system 
represented by the crystalline product melting at 172“174° C and its 
oxidant had been studied this error would not have been made. Like- 
wise, if a sample of pure phenothiazone had been available at that time, 
a melting point determination of its leuco base would have been made 
and the error also avoided in that manner. Attempts to prepare pheno- 
thiazone at that time and for that purpose were unsuccessful. 

Following the report by Collier, a sample of phenothiazone was ob- 
tained from that author, and additional quantities were prepared by the 
method of Pummerer and Gassner (S). Each of these products was 
examined as follows : The phenothiazone was dissolved in a small volume 
of 95 per cent ethyl alcohol, distilled water was added and the mixture 
brought to a boil. A sufficient quantity of pow^dered .sodium hydrosulfite 
was then added to the concentrated hot solution of phenothiazone to 
reduce it completely to the leuco base. Clouding of the hot solution 
occuiTed due to the lower solubility of leucophenothiazone and to small 
amounts of free sulfur. The mixture was then cooled under tap water 
whereupon a considerable amount of a fine white crystalline precipitate 
formed. The precipitate was removed by centrifuging. This precipi- 
tate was dissolved in hot carbon tetrachloride and the hot solution filtered. 
The carbon tetrachloride solution was placed in an ice bath and evaporated 
to a small volume under a current of air. Minute needle crystals of leuco- 
phenothiazone separated out. The crystals were nearly colorless, but en 
masse had a faint purple tinge, which may have been due to slight surface 
oxidation. On standing exposed to air for several hours the product 
darkened, a reaction w^hich was greatly accelerated by ammonia gas. The 
leuco base prepared from the material furnished by Collier and that pre- 
pared in our laboratory had a melting point of 172-173° C, and the mixed 
melting point remained unchanged. 
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Samples of the product isolated from rat, rabbit and human urine as 
described by Delids, Eddy and Thomas were again examined and melt- 
ing point determinations made. The value of 172-173° C was obtained 
and remained unchanged when mixed ivith an equal weight of synthetic 
leucophenothiazone. Therefore, the product obtained from rat, rabbit 
and human urine, melting at 172-173° C and previously regarded as the 
leuco base of thionol, was undoubtedly leucophenothiazone. 

As far as we know this is the first time that the melting point of leuco- 
phenothiazone has been reported. Attempts to isolate crystals of Icuco- 
thionol by a similar procedure and determine the melting point have failed. 
The crystals have been obtained but the spontaneous oxidation of leuco- 
thionol proceeds so rapidly that melting point determinations have not 
been feasible. It is entirely possible that melting point determinations 
could be made if all operations were carried out in an atmosphere of 
nitrogen. 

Hie fact that leucophenothiazone can lie prepared, isolated, and the 
melting point determined in the presence of air whereas the same can- 
not be accomplished with leucothionol shows that the reversible system 
phenothiazone-leucophenothiazone has a potential appreciably closer to 
the ox3'gen^ electrode than that of thionol-leucothionol. Therefore, in a 
urine containing both these oxidation-reduction systems, the usual reduc- 
ing properties of urine would keep the phenothiazone system in the leuco 

form for a longer period of time than would be the case with the thionol 
system. 

After examining the various fractions prepared from the urine of 
sheep dosed with phenothiazine, Lipson (4) stated that Fraction 2 (b) 
yielded, after three recrystallizations from water, a red compound melt- 
ing at 161-162° C, and was shown to be phenothiazone. Lipson further 
states, “a very small portion of Fraction 2 (b) was insoluble in boiling 
water, and could be recrystallized from aqueous alcohol to give a yellow 
solid which melted indefinitely at 170° C. This was probably some 
phenothiazine which had not been precipitated by acid in Fraction 1.” 
However, since the melting point of leucophenothiazone is 172-173° C 
there is a reasonable probability that the cdmpound described by Lipson 
may have been leucophenothiazone. 

SUMMARY 

1. Evidence has been presented to show that the reversible oxidation- 
reduction system phenothiazone-leucophenothiazone, as well as thionol- 
leucotluonol, occurs in the urines of rats, rabbits and humans receiving 
phenothiazine. ^ 

^ 2. The validity of potentiometric identification of a reversible oxida- 
tion-reduction system has been discussed. 
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3. The melting point of leiicophenothiazone has been shown to l)e 
172-173® C. Samples of leucophenotliiazone isolated from rat, ral;)];)it 
and human urines were identified by their melting points, namely 172- 
173® C, and by their mixed melting points with synthetic leucopheno- 
thiazone. 

4. Leucothionol oxidizes so rapidly that it has been impracticable to 
obtain its melting point. 

5. It has been suggested that a compound isolated from the urine of 
a phenothiazine-dosed sheep by another worker was leucophenotliiazone 
and not phenothiazine. 
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PHYSIOLOGY OF A BACTERIA-FREE CULTURE OF TRICH- 
OMONAS VAGINALIS. IV. EFFECT OF HYDROGEN 
ION CONCENTRATION AND OXYGEN 
TENSION ON POPULATION' 

Garth Johnson- 

Departments of Obstetrics and Gynecology, and Zoology, State University of Iowa, 

Iowa City, Iowa 

Part I 

EFFECT OF HYDROGEN ION CONCENTRATION ON POPULATION 

No record of previous investigations of the physiology of Trichoinonas 
vaginal IS in bacteria-free culture has been found in the literature. Nu- 
merous workers have cultivated the organism in the presence of bacteria, 
and its response to the hydrogen ion concentration of various media has 
been recorded. Bland et al (1932) reported successful culture in media 
which shifted from pH 6 to pH 8 during the culture period 'Svithout 
any very noticeable effect upon the growth of the flagellates.’’ Lynch 
(1922) maintained cultures in several media which “are slightly alkaline 
and become more so.” Andrews (1929) used adjusted media varying 
from pH 7 to pH 8 and found an optimum growth at pH 7.6. Davis 
(1929) obtained successful culture “provided the pH was similar to that 
of human blood.” It is difflcult to determine to what extent these find- 
ings were affected by the bacterial flora. Differences in the culture 
medium used as well as in the nature and concentration of the bacteria 
present undoubtedly affect the rate of growth. 

Other trichomonads have been investigated in bacteria-free culture. 
In a study of Trichomonas joetus Cailleau (1937) found an optimum 
pH between 7.0 and 7.6 with survival between pH 5.5 and 8.5. Ried- 
muller (1936) reported an optimum pH range of pH 6.5 to 7.5 for the 
same organism and Morisita (1939) found the optimum between pH 
6.6 and 7.8 with survival between pH 5.6 and 8.4. Cailleau (1937) 
cultivated Trichomonas columhae in media ranging from pH 6.6 to 7.6 
and found that the addition of calcium carbonate prolonged the life of the 
cultures. 

The experiments reported in this paper were designed to determine 
the extremes of hydrogen-ion concentration which would support growth 
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of the organism in the absence of bacteria and to discover the optimum 
pH for a medium which would maintain repeated subctilture. 

MATERIALS AND METHODS 

The culture medium consisted of Difco liver infusion agar slants 
(3 ml) overlaid with 6 ml of modified Ringer’s solution containing 5 
of human serum. The Ringer’s solution contained 0,6% NaCl and 
0,01% NaHCOa, KCl, and CaCl 2 . The pH of both the agar slants and 
the fluid medium was adjusted with normal HCl or normal NaOH, after 
which they were bufifered with 0.25% sodium phosphate. This concen- 
tration of buffer supported the maximum population with only minor 
changes in pH during the first four days of culture and was chosen after 
observation of cultures buffered with 0.1, 0.25, 0.50, and 0.87% sodium 
phosphate. The organisms were cultured in 13 x 120 mm tubes, plugged 
with cotton and incubated at 37.5 ± 1° C. All manipulations of the or- 
ganisms were made with cotton-stoppered pipettes, sterilized by hot air 
and controlled by mouth suction. The pH determinations were made 
with a glass electrode and a Cameron pH meter. Before each series of 
determinations the electrode was checked against buffers standardized at 
pH 4.0 and 7.38. One ml of culture fluid was withdrawn into a clean 
test tube and diluted with 2 ml of distilled water. After thorough agita- 
tion this fluid was transferred to the cup of the pH meter. The error 
due to discharge of carbon dioxide from the fluid was probably negligible, 
since the production of carbon dioxide was not demonstrable. In each 
case the pH of tube number 1 in each group was checked at each period of 
examination with that of the corresponding uninoculated control tube. 

The populations were determined with a hemocytometer after 2, 4, 
and 6 days of incubation. Each count included 10 large squares having 
a total volume of 1.0 cu mm. 

Aseptic precautions were obseiwed throughout the experiments and at 
the conclusion of each series the cultures were checked for bacterial con- 
tamination by plating them on blood agar or chocolate agar. Less than 
one per cent of the cultures were found to be contaminated, and the data 
pertaining to these specimens are not included below. 

The stock cultures originated from the bacteria-free culture isolated 
by Ray E. Trussell (1940) and were checked for bacterial contamination 
as reported by Trussell and Plass (1940). 

An inoculum consisting of 0.2 ml of a uniform suspension of organ- 
isms combined from several four-day-old stock cultures was used in each 
experiment. Six tubes were inoculated at each of sixteen different re- 
actions between pH 7.8 and 5.1. One uninoculated tube was maintained 
at each pH as a control. All cultures in each series were inoculated from 
the same suspension of organisms. It was therefore unnecessary to con- 
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sider the initial population as a variable factor. Series I and Series 11 
are duplicates. The cultures in Series I were also subcultured on the 
fourth day. 

RESULTS 

Maximum populations in both series and in the subcultures were 
found on the acid side between pH 5.1 and pH 6.0. The growth opti- 
mum shifted with the time of incubation. In Series I, the optimum at 48 
hours was between 5.25 and 5.4, at 96 hours between 5.5 and 6.0, while 
at 144 hours it dropped again to a range of pH 5.15 to 5.5 (Fig. 1) . The 


ONE HUNDRED FORTY FOUR HOURS 


NilNETY SIX HOURS 


FORTY EIGHT HOURS 


7.9 7.7 7.5 7.3 *^7.l 6.9 6.7 "‘“6.5 6.3 6.1 5.9 5.7 5.5 5.3 

pH WHEN POPULATIOM WAS DETERMINED 

Fig. 1. Series I. Population plotted against pH. Curves fitted free hand. 

optima of Series II approximated those of Series I as follows: At 48 
hours, pFI 5,45 to 5.55 ; at 96 hours pH 5.5 to 5.8, at 144 hours pH 5.15 
to 5.55. Population values fell off sharply as the pH was reduced below 
the optimum, and multiplication ceased below pH 5.0 (Fig. 1). Broader 
ranges of pH were tolerated on the alkaline side of the optima with multi- 
plication practically stopped between pH 7.55 and 7.75 (Fig. 1). Sub- 
culture was unsuccessful above pH 7.55. 

Minor fluctuations occurred in the pH of both the uninoculated con- 
trols and the experimental cultures. Comparison of the pH of experi- 



mental and nninoculated control tubes after the same intervals oL incuba- 
tion indicates that these changes in pH do not have a significant bearing 
upon the conclusions to be drawn from the data. 


DISCUSSION 

The correlation between these observations of a slightly acid optimum 
pH in bacteria-free cultures of Trichomonas vaginalis and the pIT of the 
vaginal secretion in clinical cases of human trichomonas vaginitis has 
already been pointed out by Trussed and Plass (1940). Trussed and 
MacDougal (1940) employed a glass electrode technique in an investiga- 
tion of the relation of vaginal acidity to various tt’pes of vaginal flora. 
In 18 out of 23 cases where vaginal trichomonads were observed they 
found an average vaginal pH of 5.58 with a range from pH 4,55 to 6.38. 
It is wed known that introduction of acid solutions, such as dilute vinegar 
or acetic acid, are helpful in the treatment of trichomonas vaginitis. The 
very narrow range which lias been observed to separate the optimum from 
the lower limit for multiplication on the acid side possibly demonstrates 
the mechanism behind this clinical observation. 

There is apparently no record of other attempts to culture Tricho- 
monas vaginalis in media adjusted to reactions wed down in the pH scale 
and buffered to hold the reaction relatwely constant. This in itself would 
account for the reports by other workers of an alkaline optimum. Bland 
et al (1932) started cultures at pH 6.8 and found that the pH shifted to 
the alkaline side in both experimental and control tubes. If they had 
started their cultures at a more acid reaction different conclusions might 
have been drawn. In addition to the possible effect of the presence of 
bacteria in cultures studied by earlier workers, one other factor should be 
considered. In any case where the pH of the culture medium was ini- 
tiady high and was allowed to drift down the scale and across an acid 
optimum the length of time elapsing before an acid limit would be reached 
would inevitabi}' be longer with a higher total population than if the initial 
pH were lower. Thus if only the original pH were considered the opti- 
mum pH might appear to be at a higher level. 


SUMMARY 

1. Under the conditions of these experiments Trichomonas vaginalis 
exhibits a maximum population in an acid medium lietween pH 5.5 and 


2. Multiplication is limited or stopped by reactions below pH 5.0 and 
above pH 7.55, 

3. There appears to be a correlation between these results and the con- 
ditions in the human vagina in cases of natural infection. 

4. The use of acid solutions in the treatment of trichomonas vaginitis 
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is ill harmony with the limited range between the optimum pH and the 
acid limit of multiplication. 

Part II 

EFFECT OF OXYGEN TENSION ON POPULATION 

Riedmuller (1936) found the growth of Trichomonas joetus in bac- 
teria-free culture was stimulated by anaerobiosis. He was also able to 
demonstrate an aerobic utilization of oxygen by the Warburg technique. 
It is difficult to interpret the finding of oxygen consumption in association 
with a stimulation of population under anaerobic conditions unless Ried- 
muller’s classification of Trichomonas foetus as a facultative anaerobe is 
accepted. 

Aerobic culture of Trichomofias vaginalis in this laboratory has always 
involved the incorporation of an infusion of beef liver in the culture 
medium. It has been demonstrated (unpublished data) that a reduction 
in the amount of liver infusion lowers the population Itxth In a study 
of carbohydrate utilization, Trussell and Johnson (1941) used a basic 
medium lacking liver infusion and found that it was necessary to estab- 
lish anaerobic conditions by the addition of sodium thioglycollate before 
there W’’as a measurable effect of carbohydrate on population. This 
stimulating effect of reduced oxygen tension is easily demonstrated by 
comparing the growth of stock cultures in an anaerobic jar with that in 
air. 

In an attempt to throw further light on the anaerobic character of the 
organism a quantitative study of population at different oxygen tensions 
was undertaken. 

MATERIALS AND METHODS 

Experience gained in the early phases of this study led to alterations 
in the formula of the culture medium. In a fluid medium of low vis- 
cosity the population of trichomonads becomes much denser at the bot- 
tom of the culture. A more homogeneous culture medium and especially 
one in which the organisms will remain in suspension was prepared as 
follows : 

Bacto liver infusion 80.0 mP 

Bacto heart infusion powder 25.6 gm 

Bacto agar 0.4 gm 

Distilled water 720.0 ml 

Normal HCl 6.0 ml 

This mixture was heated to boiling, tubed in 8.0 ml volumes and auto- 
claved. After cooling, 2.0 ml of sterile undiluted human serum adjusted 

3 Liver infusion was prepared by adding 75 gm Bacto dehydrated liver to 1 liter 
of distilled water, heating at 50° C for one hour and filtering after raising the tem- 
perature to 80° C. 
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to pH 6 ^vere added to each tube. The pIT of the final mixture ranged 
from 6.1 to 6.2. Choice of this medium was based upon preliminary 
investigations which revealed that a mixture containing 10% liver infu- 
sion and 20% serum plus the other ingredients listed would support a 
relati^^ely dense population without significant shift in pH. Variations 
in population between cultures subjected to the same experimental condi- 
tions were also greatly reduced. 

The inoculum was prepared by combining 3.0 ml of fluid from each 
of two stock cultures and adding 4.0 ml of the experimental medium with- 
out serum. This gave a suspension in which the organisms showed little 
tendency to settle either in the tube or in the pipette. The inoculations 
were made by transferring 0.2 ml of the fluid from this suspension of 
organisms to the mid level of each culture tube and stirring the culture 
thoroughly with the tip of the pipette. 

In Series III the cultures were maintained under complete anaero- 
biosis, 100 mm oxygen tension and 500 mm oxygen tension. A fourth 
set of cultures was kept in an open rack as controls. Series IV was a 
duplication of Series III. 

In Series V the culture conditions included complete anaerobiosis, 
100 mm oxygen tension, pure oxygen, and a set of controls kept as before 
under atmospheric conditions. Series VI duplicated Series V. 

Anaerobiosis was established in McIntosh and Fildes jars, improved 
model. The procedure followed was that recommended by the manu- 
facturer. Xo evidence of impurity due to carbon dioxide was obtained 
when the hydrogen which was employed was allowed to bubble through 
filtered lime water for ten minutes. 

The cultures were subjected to various oxygen tensions in McIntosh 
and Fildes jars by blowing a stream of hydrogen through the jar for five 
minutes, evacuating it to the desired negative pressure and then introduc- 
ing oxygen to bring the manometer reading to zero. No evidence of 
carbon dioxide appeared when the oxygen which was employed was 
bubbled through filtered lime water for ten minutes. The highest con- 
centration of oxygen was obtained by running a vigorous stream of the 
gas through an aluminum jar for five minutes. This jar was sealed by 
a gasket and the lid was tightened by adjusting three screw clamps at the 
edges of the lid. To what extent the resulting atmosphere was con- 
taminated by residual nitrogen and other gases already in the jar and in 
the tubes is not known. The data from these cultures are labeled “baro- 
metric oxygen^^ subject to the above reservations. 

Ten tubes were run at each oxygen tension, making a total of forty 
tubes for each series. At each counting period the four sets of cultures 
were removed from the incubator at the same time and brought to atmos- 
pheric conditions and room temperature by removing the lids from the 
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jars. It has been found that no multiplication of this bacteria-free cul- 
ture occurs below 28° C (unpublished data). Therefore, it is assumed 
that the population values determined represent the result of multiplica- 
tion while the cultures were subject to experimental atmospheres at the 
incubation temperature of 35° C. The latter temperature was adopted 
because the stock cultures had been maintained at this temperature for 
several months prior to the beginning of these experiments. 


TIME IN HOURS 

Fig. 3. Series IV. Population plotted against time. Curves: 1 — complete 
anaerobiosis, 2 — 100 mm oxygen tension, 3 — controls, 4 — 500 mm oxygen tension. 

The pH values of the various cultures were determined with a glass 
electrode. In Series III and IV the reaction of tubes 1, 2, and 3 in each 
set was measured at the first three periods of observation. At the fourth 
and fifth periods it was determined for tubes 4, 5, and 6. A similar pro- 
cedure was followed in Series V and VI except that it was unnecessary 
to make more than two successive determinations on any one culture since 
there were in all only four counting periods. To determine the error 
involved in diluting the culture fluid with two parts of distilled w^ater, 
duplicate determinations on the diluted and undiluted culture fluid were 
made at the conclusion of Series III and IV. Populations were deter- 
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mined with a hemacytometer. Following the first 48 lionrs of culture 
the measurements, unless otherwise indicated, were made at successive 
24~hour intervals until a definite decline in population was observed. 

Since the trichomoiiads produce only a faint clouding of tliis medium, 
gross contaminations were easily detected by direct observation. At the 
conclusion of each series all cultures were streaked on chocolate agar and 
the plates incubated aerobically in a moist jar for tu'o days. A check 
for anaerobic contaminations was then made by keeping the same plates 
in a McIntosh and Fildes jar for two weeks. As a further check for 
anaerobic contaminations cultures 4, 5, and 6 in each set were inoculated 
into sodium thioglycollate medium containing glucose. No data are 
included from cultures .shown to be contaminated. The contaminated 
cultures amounted to 4.5 per cent of the total and the data from these 
were excluded. 

RESULTS 

All tensions of oxygen employed in these experiments exerted some 
depression upon the population level. This fact is demonstrated by a 
comparison of the ratios of experimental populations to those of the 
atmospheric control cultures. In each case (Figs. 2, 3 and 4) the curve 
for cultures subjected to an atmosphere containing oxygen falls below 
that for cultures maintained under complete anaerobiosis. The depres- 
sion of population by oxygen tensions of 150 mm Hg (controls) or less 
did not become significant until after 72 hours in any of the four series. 
The organi.sms did not appear to be semsitive to the difference of 50 mm 
oxygen tension between the control group (150 mm) and the cultures 
kept under 100 mm oxygen (curves 2 and 3, Figs. 3 and 4). No ex- 
planation is offered for the fact that in two out of four series the curve 
for 100 mm oxygen tension fell slightly below that of the controls. The 
depression of population in oxygen at barometric pressure was marked 
and continuous after the first 48 hours (curve 4, Fig. 4), whereas there 
was a slight rise in population under 500 mm oxygen between 48 and 72 
hours (curve 4, Fig. 3). Complete anaerobiosis prolonged the period of 
population increase and constituted the optimum culture condition (curve 
1, Figs. 3 and 4), 

Very minor changes in pH occurred in the course of incubation and 
an average error of only 0.07 of one pH unit toward the alkaline side was 
introduced by diluting the culture fluid with two parts of distilled water. 

DISCUSSION 

Trichomonas vaginalis normally inhabits an environment in which it 
is probable that oxygen tension is low, particularly in the vaginal fornices. 
It is not therefore surprising to find that experimental populations rise to 
a maximum as oxygen tension approaches zero. Since it has been found 
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that this parasite is unable to utilize carbohydrates under aerobic condi- 
tions ]-)ut can do so in the presence of a sulfhydryl compound like sodium 
thioglycollate (Trussell and Johnson, 1941), it seems probable that the 
- SH supplied hy lived infusion may have contributed some measure of 
anaerobiosis in these experiments. Further investigation with a medium 
containing less liver infusion might reveal a more marked depression of 
population by oxygen. It was the purpose of this study to test the ettect 
of oxygen tension when other conditions were optimum. The results 
make an investigation of the oxidation-reduction potentials in the culture 
fluid seem worthwhile. 

SUMMARY 

1. In these studies Trichomonas vaginalis has exhibited the charac- 
teristics of a facultative aerobe. 

2. Oxygen exerts a marked depressing effect upon population. 

3. Anaerobic conditions prolong the peidod of population increase 
and are optimum for the culture of the organism. 
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CRENOSOMA ZEDERI SP. (NEMATODA: METASTRON- 
GYLOIDEA), A NEW LUNGWORM FROM THE 
SKUNK {MEPHITIS NIGRA) 

Frans C. Goble 

Wildlife Research Center, N. Y. State Conservation Dept,, Delmar, New York 

During a recent investigation on the parasites of fur-bearers in New 
York State, this apparently new species of lungworm was found in the 
lower bronchi of two skunks, wild-trapped in Albany County. It is 
herein described and named in honor of J. G. H. Zeder, who described 
and named the first species of the genus C renosoma in 1800 . 

Crenosoma sederi n. sp. 

(Figs. 1-4) 

Male: 1 specimen, 6 nini long, 330 micra maximum width, 100 micra wide just 
anterior to bursa. Cuticular folds present over body back as far as anterior ends 
of spicules. Folds 60 micra apart at base esophagus, increasing to 80 micra in middle 
of body, decreasing near end of folded region. Parallel longitudinal ridges over 
entire surface of cuticle. Esophagus 395 micra long, 58 micra in maximum width, 
near posterior end. Excretory pore opens 80 micra from anterior end. Bursa 200 
micra wide, notched at ends of latero-ventral, postero-lateral and dorsal rays. Dis- 
tinct ventral lobe present, notched at edge medioventrally. Rays stout. \^entrals 
divided at tips. Externo-laterals separate from medio- and postero-laterals which 
lie close to each other and to externo-dorsal, the last three rays being parallel and 
directed posteriorly at 45^ angle from axis of worm. Dorsal stout and simple, 45 
micra long and 28 micra wide. Spicules equal, lying close to each other, bent slightly 
ventrally at both ends. They are 265 micra long, 8 micra in maximum width, near 
anterior ends. Distal ends not distinctly swollen. Unpaired accessory piece 100 
micra long, divided into coarsely granular anterior portion 40 micra long, half-rnoon 
shaped in lateral view, and smooth, narrow posterior portion 60 micra long, which 
tapers posteriorly and ends in sharp point. 

Female: 5 specimens, measuring 24, 24, 25, 25, and 26 mm long, 480-560 micra 
in maximum wddth, 240 micra wide at base esophagus. Cuticular folds present over 
entire body; 80 micra apart at base esophagus, space increasing to 120 micra at 
vulva and decreasing to about 60 micra at anus. Longitudinal ridges as in male. 
Esophagus 480-560 micra long, 90-100 micra maximum width. Excretory pore 180- 
190 micra from anterior end. Vulva 10-10.5 mm from anterior end. Anus 160-170 
micra from posterior end. Two lateral phasmids, not extending through surface of 
cuticle, 40-50 micra from tip of tail. Larvae in utero 17-20 micra in diameter, 
possess lateral alate swellings as described in C. potos. 

Host: Mephitis nien'a (Peale and Beauvois, 1796). 

Locality: Delmar, Albany County, New York. 

Type speciine7is: U, S. N. M. Helm. Coll. No. 45005. 

The male of Crenosoma sedcri can be distinguished from those of C. 
striatum and C. taiga by its lack of an obvious dorsal branch on the 
spicule. It differs from males of C. vulpis and C, mephitidis in the shape 
of the gubernaculum, stoutness of the bursal rays and in its lack of lateral 
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projections at the tip of the dorsal ray. It differs from those of C. pot os 
in the shape of the gubernacultmi and stoutness of rays and can be distin- 
guished from the males of all described species by the presence of cuticii- 
iar folds over the body as far back as the anterior ends of the spicules. 
In describing C. potos Buckley (1930) mentions that the folds are repre- 
sented by regularly spaced transverse smooth bands of cuticle on the pos- 
terior part of the males where the actual folding has ceased and that the 
longitudinal “ridges are present over the whole surface of the body, ex- 
cept immediately posterior to each fold, which is smooth for a short dis- 
tance.” These conditions are not observed in C. sederi, in which there 
ai*e no interruptions of the longitudinal ridges whatsoever. 

The females of Crenosoma zederi be distinguished from those of 
C . striatiini hy the lack of a cuticular swelling at the vulva, and from ail 
other species by the presence of cuticular folds over the entire body. 
Though the margins of the folds, as in other species of Crenosoma, ap- 
pear to be spinous on superficial examination, with higher magnifications 
it is readily observed that this illusion results from the folding of the 
longitudinal ridges and that no actual spinous structure exists. Certain 
measurements and size relationships in both sexes of C. zederi differ from 
those of other species of the genus, but since there is some variability 
within each species and some overlapping in the measurements between 
the species, it seems advisable to minimize the quantitative and emphasize 
the qualitative characters. 

In reviewing the characters of the described oi Crenosoma, 

I have noted some discrepancies on which comment seems desirable. 
Hobmaier (1941a) in describing C. mephitidis referred to Buckley’s table 
of measurements of the knowm species of Crenosoma and remarked that 
C. mephitidis had certain resemblances to C. vulpls. In a later paper 
(1941b) he again emphasizes that C. mephitidis is morphologically simi- 
lar to C. vidpis and that they might be confused. He (1941a) mentions 
as points of differentiation the presence of cervical glands in C. mepJiL 
tidis, a size difference, especially in females, and the presence of a longer 
tail in females of C. mephitidis. 

Buckley quotes part of Dujardin’s (1845) description pointing to the 
presence of cervical glands in C, vidpis and Hobmaier himself (1941a) 
suggests that they may be a generic character. In view of the number 
of strongylins in which excretory glands have been repoi'ted it seems 
likely that their presence is a character common to a rather large group. 
At any rate they cannot be used to separate C. mephitidis from C. vidpis. 
Since worms of the same species may be expected to show differences in 
size when found in different hosts, it seems inadvisable to consider the 
difference between IS mm length in females of C. vidpis and 18 mm in 
those of C. mephitidis a specific character. 
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Hobmaier’s statement that the tail is longer in C. mephiiidis is based 
on comparison of his measurements with those given by Buckley for C. 
vulpis. Buckley’s table was compiled from measurements of Skrjabin 
and Petrow (1928) who gave, among other measurements for C, vulpu\, 
the following: Accessory piece, 0.550 mm, tail, 0.870 mm. These 
measurements obviously are erroneous and undoubtedly represent typo- 
graphical errors. Buckley gave these measurements in his table, follow- 
ing each with parenthetical question marks. He noted beneath the table 
that the figures queried probably should read “0.055 mm.” and “0.087 
mm.;” apparently assuming that the error was simply in the position of 
the decimal point. No scale is given on the drawings of Skrjabin and 
Petrow, but checking the drawings against considerable material of C. 
vidpis in my collection and against measurements of organs given cor- 
rectly in their text, it is evident that their drawings are correct and the 
correct measurement for the accessory piece is 125-135 micra and for 
the tail length 130-160 micra. Hobmaier gives the tail length of C. 
mephitidis as 140-150 micra. 
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A NEW SPECIES OF THE ACANTHOCEPHALAN 
GENUS FILICOLLIS 

Mary Louise Perry^ 

Department of Zoology, University of California at Berkeley 

In the late autumn of 1938 and the winter of 1940, I noticed dead 
and dying surf scoters {Melanitta perspicillata) and white-winged scoters 
(ilf. deglandi), all females, on the shore of Carmel Bay, Monterey Co., 
Calif. In 1938, a number of acanthocephalan worms were found in the 
intestines of a surf scoter and two white- winged scoters. On Feb. 24, 
1940, I noted five dead surf scoters and one dead white-winged scoter. 
Beach scavengers had eaten the intestines of all but two surf scoters, 
which were parasitized by these acanthocephalans. The worms attached 
themselves by imbedding their hook-covered proboscides in the intestinal 
wall, their bodies hanging loose in the lumen (cf. Fig. A). In addition 
to these worms, four minute gizzard worms (nematodes), and one large 
tapeworm 250 mm posterior to the gizzard were found in the surf scoter 
taken Feb. 24. 

All of the intestines observed were heavily infected. I examined in 
detail the alimentary tract of one surf scoter from the proventriculus 
posteriorly. Infection with the acanthocephalans began 250 mm poste- 
rior to the gizzard and continued to the anus, although the ceca 
w^ere not infected. Worms became progressively smaller at the approach 
of the large intestine, although there were a few small worms scattered 
among the large ones throughout the small intestine. Infection was 
heaviest at the anterior end. According to my computations, there were 
1,482 worms in the 28,000 sq nim of intestine. 

The heavy infection of the scoters probably caused their death, or at 
least made them very susceptible to secondary infection. They had no 
subcutaneous layer of fat, and were too vreak to cope with the waves or 
attempt to escape from approaching people or dogs. 

Most of the worms mounted were fixed in hot 70% alcohol, stained 
in alum cochineal or Grenadier’s borax-carmine, and occasionally coun- 
terstained with indulin blue dye. They were cleared in creosote-xylol, 
and mounted in balsam. Embryos were always counterstained in indulin 
blue dye, and were mounted in glycerin jelly. 

On the basis of the slides examined, I propose a new" species of the 
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genus FilicoUis, which I name after Dr. Luther C. Altniaig zoologist, 
Lincoln High School, Seattle, Wash. 

Filicollis altmani n. sp. 

(Figs. 1-4; Text-Fig. A) 

Body elongate, nearly cjdindrical, with an even or uneven division of body sur- 
face Ijy two strictures. Mature males 10.5 mm long (8.5-12) ; mature females 12.25 
mtn long (10.5-14). Diameter 1.67 mm (12-2.1). Neck long, slender, retractable, 


about 1.38 mm long (1.08-1,5) ; width at base 0.44 mm (0.3-0.55). Both sexes with 
minute body spines, confined to anterior part of body. Proboscis of both sexes 
characteristically oblately spheroidal, 0.7 mm x 0.8 mm (0.62-0.8x0.5-0.96); occa- 
sionally spherical or ovoid; bearing 28 (25-30) longitudinal rows of hooks with 11 
(9-12) hooks per longitudinal row. Basal hooks 0.056 mm long (0.05-0.07) ; apical 
hooks, 0.038 mm long (0.03-0.05); and other hooks 0.047 mm long (0.03-0.06) . 
Proboscis receptacle double walled, 2.2 mm long (1.7-2.75). Lemnisci about 0.05 
mm shorter than the receptacle. Male genitalia occupy about two-thirds of the 
cavity. Testes spherical or ovoid. Four cement glands, long 
0.065 X 0.026 mm (0.06-0.07 x 0.022-0.03 ) ; ex- 


Text-fig. a. Filicollis altmani attached to the inner wall of the small intestine 
of a surf scoter. Photograph, natural size. 
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elusive of the shells, 0.041x0.012 mm (0.04-0.042 x 0.01-0.014). Embryos with 
three conspicuous shells ; middle shell shape of ellipse with pointed ends, so showing 
slight tendency toward polar prolongation. 

Type hosts: Melanitfa perspicillata (Linnaeus) and Melanitta deglandi (Bona- 
parte) taken at Cai'mel Bay, Monterey Co., Calif. Nov. 11 and 18, and Dec. 4, 1938, 
and Feb. 24, 1940. 

Habitat: Small and large intestine. 

Holotype male (slide 3592.1 Van Cleave), allotype (slide 3592.2 Van Cleave), 
and paratypes at the Univ. of 111. at Urbana. Paratypes at the Univ. of Calif, at 
Berkeley. 

Filicollis altniani diffei's from F, anatis in the number of longitudinal 
rows of hooks on the proboscis, the number and shape of the cement 
glands, and the shape of the middle shell of the embryo. It differs from 
F, sphaerocephalus in the length of the lemnisci, number of cement glands, 
and the shape of the middle shell of the embryo. 


Explanation of Plate, p. 388 
All figures drawn with the aid of a camera lucida. 

Fig. 1. Holotype male of Filicollis altmani. 

Fig. 2. Anterior end of paratype female. 

Fig. 3. Middle section of proboscis of holotype male. 

Fig. 4. Embryo from surface of mucosa of small intestine. 
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TRIGANODISTOMUM HYPENTELII N. SR (TREMATODA: 
LISSORCHIIDAE) FROM THE HOG SUCKER, 
HYPENTELIUM NIGRICANS (LE SUEUR) ^ 

Jacob H. Fischthal 

Examination of the small intestine of a hog sucker, Hypentelumi 
nigricans (LeSiieur)^ collected on April 3, 1941, from the Saline River 
near Milan, Monroe County, Michigan, revealed three specimens of a new 
species of treniatode belonging to the genus Triganodistomimi Simer, 
1929. In the fall of 1941, two of nine hog suckers taken from the Saline 
River near Saline, Washtenaw County, Michigan, contained three and 
four adult trematodes respectively. The following description is based 
upon the study of living specimens, and of whole mounts and transverse 
sections of specimens fixed in hot Bonin's fluid, stained in Mayer's para- 
carmine (whole mounts) or Ehrlich's acid haematoxylin (sections), and 
mounted in clarite X (Nevillite no. 1). 

Triganodisfomum hypentelii n. sp. 

(Figs. 1-4) 

Description: Triganodistomum. Body long, cylindrical, arched dorsally. Suck- 
ers and ventral surface spinose; margins of body spinose to anterior edge of posterior 
testis, with spines on ventral surface continuing postero-mesially from this level and 
terminating slightly beyond posterior testis ; spines posterior to acetabulum arranged 
quincuncially ; dorsal surface spineless, except dorsal to oral sucker. Oral sucker 
subterminal, smaller than acetabulum; latter prominent, protruding noticeably beyond 
ventral surface, at anterior fourth of body. Prepharynx short, narrow, muscular; 
pharynx globular, very muscular ; esophagus slender, muscular ; intestinal bifurcation 
at anterior margin of acetabulum; crura slender, dorsal to vitellaria, extending 
nearly to posterior end of body, left cecum usually longer than right, inner walls lined 
with single, conspicuous layer of cells. Vitelline follicles of varying size, 28-38 per 
side, mostly extracecal, posterior to acetabulum from anterior margin of seminal 
vesicle to middle of posterior testis. Paired vitelline ducts uniting ventral to ovary ; 
common vitelline duct short, slightly swollen. 

Ovary median, post-acetabular, trilobed, appearing as three separate structures ; 
lobes smooth, approximately equal, uniting ventrally forming a small, slightly en- 
larged central portion at their junction; ovary filling intracecal space, slightly over- 
lapping anterior testis dorsally. Oviduct short. Seminal receptacle small, arising 
from oviduct opposite origin of LaurePs canal about midway between ovary and 
ootype, Laurer’s canal straight, heavy-walled, leading to opening on dorsum directly 
above anterior lobe of ovary, Mehlis’ gland extensive, well-developed, of many cells. 
Uterus continuing slightly forward from ootype, recurving and descending to posterior 
part of body; coils fairly extensive, filling body as far forward as anterior margin of 
seminal vesicle; uterus ascending on left side of body; metraterm short, curved, 
muscular, thick- walled, postero- ventral to cirrus; genital atrium small. Ovary and 
testes arranged in series in posterior half of body. 

Received for publication, December 10, 1941. 

1 Contribution from the Department of Zoology, University of Michigan. 

2 The names of fishes used in this report are those given in the keys of Hubbs 
and Lagler ( 1941). 


I 


* 


389 


390 


THE JOURNAL OF PARASITOLOGY 


Testes two, smooth, ellipsoidal, post-ovarian, approximately equal. Anterior 
testis slightly overlapping ovary ventrally, separated from posterior testis by uterine 
fold, Vasa eff erentia dorsal to testes; right vas efferens leading from right antero- 
lateral margin of posterior testis, left from antero-medial margin of anterior testis ; 
vas deferens short. Seminal vesicle internal, bipartite, innermost chamber about one- 
half as large as outer. Prostate gland cells numerous. Cirrus about two-fifths length 
of cirrus sac, inverted, protrusible, bearing long, slender spines at innermost portion, 
spines becoming abruptly shorter, more blunt toward genital pore. Cirrus sac long, 
curved, anterior portion slightly overlapping acetabulum dorsally, extending well 
posterior to latter. Genital pore ventral, almost on left margin, at level of middle of 
acetabulum. 

Excretory pore terminal ; bladder moderately thick- walled, long, tubular, bead- 
like in appearance, extending dorsal to testes as far as posterior fourth of ovary ; 
primary collecting ducts forming loops dorso-lateral to oral sucker and receiving 
secondary collecting ducts posteriorly. 

Eggs small, numerous, operculate, shell transparent ; extruded freely from genital 
pore after placing worms in tap water ; containing ciliated miracidium when de- 
posited; no spontaneous movement visible within egg; latter not hatching in tap 
water. Miracidia squeezed from eggs showing presence of anterior papilla, primitive 
giit just posteriorly, and germ cells filling posterior half of body ; cilia very long, 
longer than body of miracidium, arising in collar from anterior fourth of body and 
extending posteriorly; remainder of body devoid of cilia. Twenty eggs freshly ex- 
truded into tap water : 0.019 (0.019-0.020) X 0.013 (0.012-0.013) mm. 

Measurements (in millimeters with the mean out of parenthesis and the minimum 
and maximum in parenthesis) of 3 adult worms mounted in toto: Body, length 2.155 
(2.10-2.190), width 0.427 (0.405-0.465) ; oral sucker, 0.153 (0.150-0.158) x 0.160 
(0.150-0.165) ; acetabulum, 0.215 (0.210-0.225) x 0.188 ( 0.180-0.195); prepharynx, 
length 0.028 (0.027-0.029) ; pharynx, 0.083 (0.078-0.091) x 0.095 (0.093-0.096) ; 
esophagus, length 0.120 (0.107-0.133) ; ovary, 0.228 ( 0.210-0.240) x 0.166 ( 0.155- 
0.179); metraterra, 0.149 (0.138-0.165) x 0.043 ( 0.040-0.045); anterior testis, 0.233 
(0.210-0.250) X 0.148 (0.131-0.165); posterior testis, 0.266 (0.250-0.293) x 0.153 
(0.142-0.165) ; cirrus sac, 0.350 (0.345-0.360) x 0.091 (0.088-0.093) ; seminal vesicle, 
0.137 (0.131-0.144) X 0.081 (0.080-0,083) ; anterior end of bod}^ to anterior margin of 
acetabulum, 0.375 (0,330-0.405) ; posterior margin of acetabulum to posterior margin 
of cirrus sac, 0.262 (0.225-0.30) ; posterior margin of acetabulum to anterior margin 
of ovary, 0.380 (0.345-0.420) ; posterior margin of posterior testis to posterior end 
of body, 0.308 (0.30-0.315) ; ends of intestinal ceca to posterior end of body, 0.105 
(0.096-0.115). 

Hosi: Hypentelium nigricans (Le Sueur). 

Small intestine. 

Locality: Saline River, Monroe and Washtenaw Counties, Michigan. 

Type: U. S. Nat, Mus, Helm. Coll. No. 44974; paratypes in author’s collection. 

T. hypentelii differs from all known species of Triganodistommn in 
having vitellaria whose anterior limits lie some distance behind the ace- 
tabulum instead of at the posterior half of it. The extension of the cirrus 
sac well posterior to the acetabulum differentiates it further from T. at- 
tenuatmn, T. mutabile and T. simeri. It differs further from T. mutabile 
and T. simeri in having approximately three times as many vitelline fol- 
licles. It is further differentiated from T. aftenuatum in possessing a 
deeply trilobed ovary, and from T. transhicens in having the acetabulum 
at the level of the anterior fourth of the body. 

The genus Triganodistommn was established by Simer (1929) from 
15 .specimens of T. translucens, the type species, from the small intestine 
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of a smailmouth buffalofish, Ictiobus bithalus (Raf.) from the lower Talla- 
liatchie River, Mississippi* To this was added T. attenuatmn and T. 
simeri by Mueller and Van Cleave (1932) from the intestines of common 
suckers, Catostomus commersonnii (Lac.) from Oneida Lake, New York ; 
more information on infection with these two species was given in Van 
Cleave and Mueller (1934). The generic diagnosis was emended and 
further information was supplied to the descriptions of T, aftemiatum and 
T. simeri by Mueller (1934). On further restudy of T. attemiahim, 
Mueller (personal communication) found the cirrus to be spined, although 
previously it had not been described as bearing spines ; he suspects that in 
favorable material of T, simeri spines might be found on the cirrus also. 
Wallace (1939, 1941) demonstrated that Cercariaeitm. miitabile Cort, 
1918 developed into an adult Triganodistomimi, the new combination be- 
ing T. nvutabile (Cort) ; the adult worms were recovered from intestines 
of experimentally and naturally infected western lake chiibsuckers, 
Erimyson Stic etta k (Girard), the latter from Waterloo Lake, 

Michigan. 

The genus Lissorchis was established by Magath (1917) from speci- 
mens of L. fairporti, the type species, from the intestines of smailmouth 
buffalofish, Ictiobus bubalus (Raf.) and bigmouth buffalofish, Megasto- 
matobiis cyprinella ( Valenciennes) from fish ponds at the Fairport Bio- 
logical Station, Iowa. Wallace (1941) has drawn attention to similari- 
ties in the genera Lissorchis and Triganodistonium, and has placed the 
latter genus tentatively in the family Lissorchiidae Poche, 1925, the 
validity of ^vhich must await further studies upon the related families, 
Allocreadiidae, Plagiorchiidae and Macroderoididae. 

Key to the Species of the Genus Triganodlstotnmn 

1. Anterior limits of vitellaria posterior to acetabulum .... T. hypentelii 

Anterior limits of vitellaria at posterior half of acetabulum 2 

2. 7-12 vitelline follicles per side 3 

16-32 vitelline follicles per side 4 

3. Ovary deeply trilobed, appearing as three separate structures ; length 

of body posterior to hind testis roughly equal to length of three 

gonads taken together T, simeri 

Ovary moderately trilobed, not appearing as three separate structures ; 
length of body posterior to hind testis roughly equal to one-fourth 
length of thi-ee gonads taken together T. mutabile 

4. Body long (3.5 mm) ; length posterior to hind testis roughly equal to 

length of both testes taken together T. attenuatiirn 

Body short (1.0 mm) ; length posterior to hind testis roughly equal to 
one-third length of both testes taken together T, frajisluccns 
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Explanation of Plate, p. 393 

Fig. 1. Triganodistomum hypentelii, adult, ventral view. 

Fig. 2, Diagram of female genital system, ventral view. 

Fig. 3. Cirrus sac, showing bipartite seminal vesicle, prostate gland, inverted 
cirrus with spines, and genital pore; also muscular metraterm. 

Fig. 4. Operculate egg containing miracidium. 




MECHANICAL TRANSMISSION OF RABBIT FIBROMA 
(SHOPE) BY CERTAIN HAEMATOPHAGOUS 
BUGS'-^ 


Cornelius B. Philip 
Hamilton, Montana 

The means by which Shope rabbit fibroma is maintained or trans- 
ferred in nature is still speculative. The frec[uent location of the lesions 
about the legs and haunches in naturally infected animals suggests the 
possibility of some biting inhabitant of the nests or warrens acting as a 
vector. While there is no information of triatomid bugs infesting these 
locations in endemic areas in the eastern United States, the availability of 
laboratory colonies of certain species provided the opportunity to make 
simple mechanical transmission tests. 

MATERIALS 

It was the writer’s good fortune to be located for a short period at 
the Johns Hopkins School of Hygiene where the facilities of the Depart- 
ment of Immunology were made available through the kindness of Dr. 
R. R. Hyde and other members of the staff to whom he is much indebted 
for various favors. The strains of rabbit fibroma virus used in the 
transmission tests, and of myxoma employed for immunity tests were 
those in routine use in that laboratory. The colonies of Rhodnins pro- 
lixiis and Triatoma infesfans were rearings from stocks obtained a few 
years ago during a visit of Dr. E. Dias of the Oswaklo Cruz Institute, 
Rio de Janeiro. The colony of Triatoma protracta was bred from speci- 
mens collected by Mr. Glen M. Kohls in Arizona in 1939. Domestic 
rabbits from a closely inbred colony were used as test animals. 

EXPERIMENTAL DATA 

An animal was given massive intradermal injections of virus on a 
clipped side and used as donor for subsequent bug feedings. A large, 
active fibroma developed rapidly. Nymphal and adult bugs were fed 
directly on the lesion on the foiuth and seventh days. The first groups 
were labelled lots A 1 and A2 and those fed on the seventh day were 
designated as lots B1 and B2. The A1 and B1 lots comprised insects 
used in alternate or interrupted feedings between the donor and a test 
animal at each period. The A2 and B2 lots represented bugs given 
initial complete feedings on the donor alone for later test after storage at 
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laboratory temperature. In three instances, additional animals were in- 
jected with saline suspensions of the viscera of insects used in prioi 
feeding tests. 

Protocols of transmission tests are given in Tables 1 and 2. 

Table 1 . — Protocols of tests of mechanical transmission of fibroma virus by 

Triatomidae 


Transmission 

results 


A1 

(4tli day) 


Positive ; also 
transferred to 
following 

Confirniatory 
transfer from 


ilt least 1 or 2 
of above 7 bugs 
contained virus 


Positive 


At least part of 
previous bugs 


contained virus 


donor and then 

tents ot part of the bugs which bit rabbits I and III. ^ 

Table 2. Protocols of incubation^” test of fibroma transmission 
by stored bugs 


^ lest labbit I developed a small raised, inflammatory lesion at the site 
of insect bites beginning on the second day, attaining the size of a large 
gaideii pea on the third, and by the sixth had an erythematous area 15 
mm in diameter. There being no further enlargement in the next three 
days, the fibroma was excised (ninth day), triturated in saline, and the 
extract injected intradermally into rabbit la. On the 4Sth day, no 
fuither evidence of infection having occurred, animal I was given an intra- 
dermal challenge dose of 10,000 units of myxoma virus, following which 
a lesion the size of a silver dollar developed at the site of injection with 
ultimate necrosis, but there was no further evidence of generalized infec- 
tion. The animal was discarded on the 27th day after immunity test 
The transfer animal, la, developed a typical, though small fibroma at 


Species 

Number of 

Test 

Myxoma 

Bugs 

Bites 

animal 

challenge 

T. infest mis 

7 

19 

I 

Survived 

H. proUmis 

2 

3 


(local lesion) 




la 

Survived ( no 





lesions) 

T. infestans 

2 

injec. 

II 

Survived 





(locallesion) 

T, infestans 

3 

S 



T. protracta 

8 

29 

III 

Survived 

M. proUanis 

2 

3 


(local lesion) 

T. infestans 

1 

injec. 

IV 

Survived 

T. protracta 

1 

“ 


( scattered 

U, proliwus 

2 



lesions) 


Lot 

Species 

No. 

biting 

Interval* 

Test 

animal 

Myxoma 

challenge 

Transmission 

results 

A2 

B2 

B2 

B2 

B2 

T. infestans 
! T. protracta 

R. prolimis 

T. infestans 

T. protracta 

T. infestans 

T, protracta 

6 

7 

1 

7 

6 

2t 

4f 

15 

12 

12 

70 

70 

71 

71 

V 

VI 

VII 

Died 

Died 

Died 

Negative 

Negative 

Negative 
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the site of injection, and no reaction whatever occurred {ollowing a 
challenge test simultaneous with that of No. I. 

Test animals II and IV developed small, subcutaneous nodules at 
sites of bug injection but no surface necrosis or inflammation of the skin 
occurred in either. On the 4Sth and 42nd days they received a challenge 
dose of myxoma virus simultaneously with rabbit I. No. II developed 
a local, ultimate^ necrotic lesion the size of a silver dollar at the site of 
injection and was discarded 27 days after immunity test. In No. IV, 
/ the infection became systemic with nodules on the ears, discharges from 

the eyes and nose, and respiratory difficulties ; the animal was discarded 
^ on the 27th day, after survival and recover}^ were assured. It was ap- 

^ parent partial immunity also had been acquired by No. IV, though more 

I feeble than in preceding animals. 

: Test animal No. Ill showed no lesions at the site of bug bites, but on 

j immunity test on the 42nd day with myxoma, it developed a local necrotic 

lesion about the size of a half-dollar at the site of injection, and was dis- 
I carded 27 days later. Since laboratory experience has indicated 100% 

■ fatal susceptibility of domestic rabbits to myxoma virus, it is evident that 

i* rabbits I to IV had been partially immunized by fibroma virus. (Rabbits 

V and a control died nine days after duplicate inoculums.) 

Test animals V, VI, and VII showed no reactions following initial 
test, and died in 9, 10 and 10 days after immunity test, respectively. The 
myxoma inoculum of V duplicated the dosage given rabbits I to IV, while 
rabbits VI and VII also received 10,000 units of a later preparation of 
myxoma virus. 

COMMENTS 

It is well known (Shope, 1932; Shaffer, 1941 ; and others) that infec- 
' tion with fibroma virus immunizes against the invariably fatal myxoma 

virus in the domestic rabbit. Consequently, the latter can be used in 
i immunity tests of fibroma-recovered rabbits. 

It is presumed that mechanical transmissions by bugs given inter- 
rupted feedings on the donor (lots A1 and Bl) were through the agency 
I of contaminated mouth parts, by inference from experience in yellow fever 

studies with bedbugs (Philip, 1930) ■wffiich are zoological relatives of 
triatomids and feed in a similar manner. In the yellow fever studies, 59 
bugs of various stages did not transfer the virus during several inter- 
rupted, alternate feedings on an infected and a susceptible monkey, indi- 
cating that regurgitation of even minute amounts of ingested blood did 
not take place during feeding on the test animal since yellow fever virus 
has been shown to be infectious in extremely high dilutions. 

, Furthermore, it is believed in the present tests that the virus also was 

actually ingested, at least by the partially fed bugs used in the immediate 
I transfer tests, so that quantitatively even more should have been imbibed 


i 

I 

i' 
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by the insects allowed to fully engorge on the donor rabbit without in- 
ter riiption, and stored for later ‘‘incubation^’ tests. The manner of feed- 
ing allowed only the inserted beaks of the bugs in contact with the 
fibroma, and the heads and appendages later 'were carefully snipped off 
previous to evisceration in the tests by injection so that the bugs tested 
in animals II and IV must have contained ingested virus to produce posi- 
tive results. The negative results with incubated insects (Table 2) was 
not, therefore, due to ffiilure to ingest virus during the original blood- 
meals. 

The tests, however, are obviously deficient in many respects for con- 
clusions regarding insect transmission of fibroma virus. In addition to 
the use of unnatural insect hosts, the numbers of bugs in the two positive 
biting transfers was larger than would occur under natural conditions at 
any one time. Also the interruptions of other activities prevented the 
desirable determination of the actual duration of the virus in the bugs 
by an adequate number of intermediate tests. It seems not unlikeh" that 
some other species of biting insects could serve to transfer the virus at 
least in a similar mechanical manner. Whether arthropods of any spe- 
cies contribute to natural maintenance or transfer of ^fibroma virus re- 
mains to be demonstrated. If direct feeding on active fl^omatous lesions 
is prerequisite to parasitic transfer of the virus, it is difficult to visualize 
the mechanism responsible for observed natural incidence of the disease. 
These experiments merely suggest one possible method of mechanical 


transter. 


SUMMARY 




Two transmissions each of rabbit fibroma to domestic rabbits were 
obtained by interrupted feedings, and by injection of visceral contents of 
3 species of triatomid bugs which had been fed immediately preceding 
on an animal infected 4 and 7 days previously. All 4 test rabbits sur- 
vived immunity challenge tests with myxoma virus. Feeding tests of 
additional simultaneously, fully fed bugs were negative after periods of 
12, 15 and 70 days storage at laboratory temperatures, as was also a test 
by injection on the 71st day. 

It is considered probable that mechanical transfer was by the con- 
taminated mouth-parts rather than by regurgitation, and that in addition 
the virus was actually ingested by the bugs. 
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FURTHER OBSERVATIONS ON PLISTOPHORA KUDOL A 
:\nCROSPORIDIAN OF THE COCKROACH-’^ 

Victor Sprague and Juanita Ramsey 
Marshall College, Huntington, West Virginia 

In the mid-gut of Blatta orient alls Linnaeus, collected from time to 
time on the campus of the Univei'sity of Illinois, Urbana, Illinois, in the 
summers of 1937-1940, the senior author occasionally noticed protozoan 
spores, apparently of a microsporidian. This parasite may he identical 
with one of undetermined nature observed by Perrin (1905), although the 
spores he saw, being about 1-2 p long by 0.5 p wide on permanent prepa- 
rations, were somewhat smaller than those described below in the living 
condition. 

In the summer of 1941 the authors had access to the laboratory facili- 
ties of the Department of Zoology of the University of Kentucky, n-here 
a further study of the organism was made and its microsporidian nature 
confirmed. Since recent literature, including Kudo (1924) and Jirovec 
(1936), indicates no similar organism, it was described as a new species 
in a preliminary note (1941), and the name P list oph ora kitdoi proposed 
in honor of Professor R. R. Kudo. 


material and methods 


^ The host insects employed for the present study were collected on the 

campuses of Marshall College, Huntington, West Virginia, and the Uni- 
versity of Kentucky, Lexington, Kentucky, in May and June, 1941, re- 
I spectively. Pending examination they were kept in the laboratory in 

' battery jars and fed a diet of apples. 

^ The mid-gut and ceca of the host were extracted in 0.75 per cent NaCl 

’ solution. The organism was then studied in the living condition and later 
' • in stained smears or sections. The fixing solutions of Carnoy, Schaudinn, 

:| and Bonin were used with equally good results. The smears and sections 

f- were either stained with Heidenhain’s iron-haematoxylin or treated by 

Feulgen’s method. Good preparations were obtained by both methods ; 
but the Feulgen reaction was not found particularly useful, since the nuclei 
;# of the parasite are so small that it is often hazardous to draw conclusions 



Received for publication, December 13, 1941. 

* Contribution from the zoological laboratories of the University of Kentucky, 
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regarding them. No attempt is made, therefore, to give a complete ac- 
count of the life cycle in the present paper. 

For demonstrating the polar filament, the structure was extruded 
mechanically and observed with dark field illumination according to the 
method of Kudo (1921). 

OBSERVATIONS 

Host-Parasite Relation 

The incidence of infection is high in the localities mentioned above. 
Ten adult individuals collected in Huntington and examined a few weeks 
later were all infected. Twenty-nine of 42 adult individuals collected in 
Lexington and examined over a period of three weeks harbored the para- 
site. Thus, the microsporidian was observed in 75 per cent of all the host 
insects examined. This percentage applies about equally to males and 
females. Possibly some of the insects acquired the infection in the labora- 
tory by close contact with those already infected. This incidence cannot, 
therefore, be regarded as truly indicative of the incidence in nature. Of 
17 hosts examined in Lexington the next day after collection, however, 
14 were infected. Thus, the incidence under natural conditions in this 
locality is approximately that given above. 

A heavy infection can usually be detected by examining the ceca with 
the aid of a dissecting microscope. If the infected ceca happen to be dis- 
tended with fluid, large opaque masses of spores are often seen in the 
epithelial lining. The masses tend to be arranged in longitudinal rows cor- 
responding to the longitudinal plicae which occur in the epithelium, for the 
infection is the heaviest in the cells along the crests of these plicae. It is 
suggested that these particular cells are most heavily parasitized because 
their situation renders them most readily accessible to the invading organ- 
ism. When a cecum contains a particularly heavy infection, great numbers 
of the epithelial cells are sloughed ofif and these, with the parasites, are seen 
as opaque masses lying free in the lumen. 

The spores of the microsporidian are hardly discernible through the 
intestinal wall with a dissecting microscope. The gut contents, sur- 
rounded by a peritrophic membrane, can usually be removed very readily, 
however, and the masses of spores appear, with reflected light, as small 
white objects associated with the peritrophic membrane. 

The relationship of the microsporidian to the host is one of true para- 
sitism, for obvious damage is done to the epithelial tissue. Heavily in- 
fected cells are often greatly hypertrophied. The cytoplasm may become 
almost completely replaced with spores, and the distended cell membrane 
forms a sac which extends far out beyond the neighboring cells (Fig. 39) 
so as to resemble a budding process. The distal ends of these hyper- 
trophied cells, packed with countless spores, often appear to break off and 
pass out into the lumen (Fig. 38) . This process was noted with particu- 
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lar frequency in the ceca, where the luniina often contain enormotis imm-' 
hers of these remnants of epithelial cells packed with spores. Very fre- 
quently, however, the entire host cell is sloughed off, for a nucleus can 
often be seen within. Thus, large areas of epithelium, particularly tiiat 
on the crests of the plicae in the ceca, become severely damaged. 

Regarding the hypertrophy of the epithelial cells and the sloughing of 
parts of their substance, the phenomenon may be due largely to a mechani- 
cal process rather than to a specific tissue I’eaction. The hypertrophied 
cells typically contain such great numbers of spores that their bulk cannot 
be contained within the limits of a cell of normal size. Furthermore, cells 
which contain many parasites, but not in sufficient quantity to distend the 
cell bodies mechanically, are not noticeably hypertrophied (Fig. 40). 
Finally, the nuclei, which seem never to be parasitized, apparently show 
no specific reaction. Nuclei of infected cells and those of normal cells 
are the same in size and appearance (Figs. 39 and 40). In this respect 
the microsporidian differs from the majority of known forms. In 
sloughed off cells, of course, the nuclei undergo degeneration. 

In summarizing the effect of the microsporidian on the host, it may be 
safely stated that considerable damage is done to the epithelial cells lining 
the ceca and mid-gut. No other effects, either microscopic or macro- 
scopic, are evident. Whether the infection is ever fatal to the host is 
uncertain, for no data on this question are at hand. 

The Spore 

The mature spores in the fresh condition are about 3.2 p long by 1.75 p 
broad, highly refractive, reniforni, pyriform or ovoid, and circular in cross 
section. At a relatively low magnification all the spores look essentially 
alike, but with high magnification much variation in size is seen (Figs. 
1-7). Although the majority are approximately 3.0 p in length, a few 
are as long as 5.0 p. These long spores are scarcely any greater in diam- 
eter than the smaller ones, for this dimension does not seen to vary so 
much as the length. The typical shape is ovoid, though the anterior end 
is usually not plainly attenuated (Figs. 1 and 2), Upon close examina- 
tion, however, many appear reniform (Figs. 5-7) and others pyriform 
(Figs. 3 and 4). In size and shape these spores greatly resemble those 
of Thelohania reniformis described by Kudo and Hetherington (1922). 
Distinct dimorphism does not seem to occur, for all intermediate condi- 
tions of size and shape seem to exist between the extremes. Moreover, 
much variation of spores in the same sporont is sometimes seen (Fig. 10). 

Internally, the mature spores in the fresh condition appear absolutely 
structureless (Figs. 1-7). This is due, no doubt, to a relatively thick 
membrane, which also accounts for the great refractivity. Young spores, 
on the other hand, are much less refractive and contain a conspicuous 
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translucent area near one end resembling a vacuole (Figs. 8 and 9). 
This area is colorless in stained spores (Fig. 30) . 

The presence of a polar filament was easily demonstrated many times 
by Kudo’s pressure method, as mentioned above. The filament is very 
delicate, uniform in diameter along the entire length, and relatively short 
(Fig. 29). Its length is approximately 25 p in an apparently fully ex- 
truded condition. Rarely a filament as long as SO p was seen. Four to 
six undulations are often apparent in the filament, corresponding, no 
doubt, to the coiled condition existing before extrusion. 

Developmental Stages 

The stages preceding the schizont were not recognized. Presumably, 
the sporoplasm emerges from the spore membrane after ingestion by the 
host, makes its way to the specific site of infection, and eventually gives 
rise to the schizont stage. The authors believe the latter to be represented 
by certain elongated bodies (Figs. 11 and 37) which are very common in 
the cytoplasm of the epithelial cells. These objects are cylindrical, sau- 
sage-shaped, clavate, or fusiform and contain’ as many as ten small massive 
nuclei. The latter are usually arranged in a linear series and spaced at 
more or less equal intervals; sometimes, however, they are somewhat 
irregularly arranged. The infected cells may contain one to many schi- 
zonts. In the latter case, all the schizonts typically lie parallel in a com- 
pact group. They frequently lie also parallel with the long axis of the 
cell, due, perhaps, to mechanical causes. 

Schizogony apparently results in the formation of small spherical 
bodies (Fig. 12), each with a single massive nucleus and with cytoplasm 
having somewhat less affinity for haematoxylin than the parent schizonts. 
Whether schizogony ever gives rise to multinucleate products was not 
determined. It is also not certain whether the schizogonic multiplication 
may be repeated, but it seems probable that it may. This inference is 
supported by the fact that cells containing many schizonts occur with great 
frequency. Repeated schizogony is a more plausible explanation of this 
frequency than multiple initial invasion. 

The processes which initiate the sporogonic cycle are likewise not 
clear. Presumably, the young sporonts arise from the products of schi- 
zogony, but no distinguishiiig characteristics which might aid in identify- 
ing them were observed. Occasionally, small binucleate bodies as well as 
uninucleate ones were seen (Fig. 13). These may be young sporonts; 
they might also represent stages in schizogony or some other process. 
At any rate, whatever the initial stages may be, later stages are easily 
recognized. The young schizont develops by repeated nuclear division 
and simultaneous increase in the size of the protoplasmic body (Figs. 14- 
18). Frequently, a strand connects the two products of nuclear division 
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foi- a time (Figs. 17, 18, and 37). The cytoplasm of the developing 
sporonts has greater affinity for haematoxyliii than that of the host cells 
or of other trophic stages of the parasite. Furthermore, the sporont, par- 
ticularly if it is a larger one, characteristically lies in an apparent vacuole 
(Fig. 37) and is thus sharply set off from the host cytoplasm. This is 
not true of the other stages; thus they are studied with more difficulty 
because their boundaries are indistinct. 

Eventually, the nuclear division ceases and the cytoplasm, which was 
formerly uniformly dark and homogeneous in appearance, begins to be 
differentiated into dark and light portions. The darker cytoplasm con- 
denses around the nuclei, this being the beginning of sporoblast formation 
(Fig. 19), Later, the spoimblasts acquire their definitive ovoid shape 
and each, as seen in Heidenhain preparations, appears to have a single 
massive nucleus in the center of a colorless circular area near one end. 
These young sporoblasts are observed more readily in smears (Fig. 20) 
than in sections (Figs, 21 and 40), for in the latter they are usually closely 
packed together and are spherical in appearance. The residual proto- 
plasm of the sporont, when it is apparent, is colorless and its limiting 
membrane distinct. 

When observing the stages in the development of the sporoblast into 
a mature spore, one encounters great difficulties due to the extreme small- 
ness of the objects. Apparently, as mentioned above, the young sporo- 
blast is uninucleate at one stage. Older sporoblasts, as viewed in Heiden- 
hain preparations, frequently appear to have more than one nucleus (Figs. 
22-26) . It was not possible to follow the stages in development, but it is 
probable that this process is accompanied by a complicated series of nu- 
clear changes. Presumably, the various nuclear elements have different 
functions associated with the development of the various parts of the 
spore. In the mature spore a single dark-staining granule (nucleus?) is 
very frequently seen lying in the colorless area at the posterior end (Figs. 
27 and 28) . Except for the one area the mature spore typically stains 
very darkly (Fig. 30) . In some cases, however, there is a small colorless 
area at the opposite end (Fig. 27). 

The type of sporogony is that characteristic of the genus Pllstopliora, 
in which, according to Kudo (1939), the '"sporont develops into variable 
number of (often more than 16) sporoblasts, each of which becomes a 
spore.’' Two to many spores develop in each sporont in the species under 
consideration (Figs. 31-36). The former number is rare, for only one 
of this type was observed. Those containing six, eight, ten, or twelve 
spores are common, but the majority contain sixteen or more. The size 
of the spores is not noticeably correlated with the number present within 
a sporont. 

The mature sporonts are t 3 'pically spheidcal and vary in diameter from 
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5 p to 15 p, the average being about 8 p in the living condition. The 
diameter corresponds roughly to the number of sporoblasts or spores con-* 
tainedj but this correspondence is far from exact. When the number of 
spores is large, the interior of the sporont is usually completely filled and 
the spores lie closely applied to the limiting membrane (Figs, 35 and 36). 
When, on the other hand, the number is small, there is usually a rather 
wide zone of very hyaline and homogeneous protoplasm between the en- 
closed cluster of refractive spores and the distinct sporont membrane. 
Thus, because of the excess protoplasm in some sporonts, the diameter 
does not correspond closely to the number of spores within. 

SUMMARY 

Seventy-five per cent of 52 specimens of Blatfa oricnialiSj collected at 
Huntington, West Virginia, and Lexington, Kentucky, contained PUsto- 
phora kudoi in the epithelial cells of the ceca and mid-gut. 

The mature living spores are typically ovoid, often reniform or pyri- 
form, very refractive, and show no internal structure. They measure 
about 3.2 p long by 1.75 p in diameter, but the size is highly variable. 
Distinct dimorphism does not seem to exist. A conspicuous colorless area 
is seen in the posterior end of stained spores. The polar filament is about 
25 p long. 

The schizonts are elongate, being cylindrical, sausage-shaped, clavate, 
or fusiform. Schizogony results in several spherical uninucleate prod- 
ucts, some of which give rise to sporonts. 

Sporonts are subspherical when immature. At maturity they are 
spherical and contain a variable number of spores. Usually sixteen or 
more spores develop, this number being characteristic of the genus Plisfo- 
pJiora. The membrane is often distinct and persistent until the enclosed 
spores reach maturity. 

The only other known species of P list o phora in Blatta orient alls is 
Plistophora sp. Mercier, 1908, which has a different site of infection and 
much larger spores. These and other definite morphological differences 
justify the conclusion that the two species are distinct. 
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Explanation of Plate, p. 406 

All figures were drawn with the aid of a camera lucida. Figs. 38 and 39 are 
magnified approximately 700 times and others 1500 times. Figs. 1-9, 29, and 31-35 
are from living material ; Figs. 10, 19-20, and 22 are from Schaudinn-Heidenhain 
smears; Figs. 11-18, 21, 23-28, 30, 37, and 40 are from Bouin-Heidenhain sections; 
Figs. 38 and 39, Schaudinn-Heidenhain sections. 

Figs. 1-7. Mature spores of various size and shape. 

Figs. 8-9. Young spores with “vacuole” in posterior end. 

Fig. 10. Sporont in which the spores vary greatly in size and shape. 

Fig. 11. A schizont. 

Fig. 12. End products of schizogony. 

Fig. 13. Binucleate stages of uncertain significance. 

Figs. 14-18. Stages in development of the sporont. 

Figs. 19-26. Stages in development of the sporoblast. 

Fig. 27. A mature spore. 

Fig. 28. A mature spore in end view. 

Fig. 29. A spore with extruded polar filament. 

Fig, 30. A mature sporont containing twelve spores. 

Figs. 31-36. Mature sporonts of various sizes, containing different numbers of 
spores. 

Fig. 37. A host epithelial cell containing various stages of the parasite. 

Fig. 38. A sloughed-off portion of an epithelial cell packed with spores. 

Fig. 39. A number of epithelial cells from one of which a portion containing 
spores is being sloughed off. 

Fig. 40. A cell packed with sporoblasts compared with normal ones to show that 
there is no change in the nucleus and little in the cytoplasm except in extreme cases. 





STUDIES ON THE LIFE HISTORY OF SIPHODERA 
VINALEDWARDSII {limO^) (TREMATODA: 
CRYPTOGONIMIDAE) 


R. M. Cable and A. V. Hunninen^ 

Purdue University, Oklahoma City University and the Marine Biological Laboratory 

During the summer of 1939, an undescribed pleurolophocercous cer- 
caria of an unusual type was found in the small marine snail, Bittium 
alternatum, collected from Waqiioit Bay, Cape Cod, Massachusetts. 
This cercaria has proved to be the larva of Siphodera vinaledzvardsii 
(Linton, 1901), a common parasite of the toadfish, Opsamis faUj in the 
I Woods Hole region. The cercariae encyst in flounders, killifish, and 

possibly other fishes which may be eaten by the toadfish. The present 
study throws considerable light on the affinities of Siphodera and related 
genera to other trematodes, a matter concerning which there has been 
some uncertainty. 

Y. vinaledwardsU was first described as M onostommn vinaledivardsU 
by Linton (1901) who observed the ventral sucker but interpreted it as a 
‘ 'genital acetabulum” and therefore a part of the copulatory apparatus. 
The species was subsequently recorded by Linton from hosts other than 
Opsanus tau: Ortho pristis chrysopterus at Beaufort, North Carolina 

i (190S) ; Neomaenis synagris and Ocyiirus chrysiir its at Bermuda 

(1907) ; and again from 0. chrysimis at Dry Tortuga s (1910). In the 
! last paper, Linton proposed the genus Siphodera for the species, emended 

? its description and erected the family Siphoderidae to include besides 

^ Siphodera, the new genera Genelopa, Prodistomum, St ego pa and Meta- 

de7ta. Manter (1934) expressed the opinion that these genera are not 
I closely related and proposed the subfamily Siphoderinae, family 

‘ Heterophyidae, to include Siphodera and a new genus, Siphoderina, 

Manter (1926) had previously redescribed N. vinaledivardsU from pre- 
served material collected from toadfish at Woods Hole. In a revision of 
I the superfaniily Opisthorchioidea, Price (1940) has assigned the sub- 

family Siphoderinae to the family Cryptogonimidae. From serologi- 
f cal studies, Wilhelmi (1940) has obtained evidence supporting the view 

that Siphodera is closely related to the heterophyids. 

, Some of the unusual characteristics of the cercaria of Y. vinaledivardsU 
have been described recently for other opisthorchioid species. These in- 
clude Cercaria coronanda Rothschild (1938) and the cercariae of Centro- 
cestiis armatiis as described by Yamaguti (1938), Caecinicola parvidus 
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bv Luiidalil (1939, 1941) and Exorchis ovijormis by Komija and Tajimi 
(1940). 

MATERIALS AND METHODS 

Large numbers of snails were collected from seaweed near the shore of 
Waquoit Bay, near Menauhant, and isolated in finger bowls to obtain 
cercariae. Flounders were used almost exclusively to observe cercarial 
penetration and obtain metacercariae for study and experimental feeding ; 
the larvae penetrated these fishes more readily than other species tried. 
Furthermore, the flounders would lie quietly with the fins well exposed so 
that penetration could be observed continuously with the microscope. In 
some cases, fishes were exposed only one day to cercariae so that all 
metacercariae were of the same age ; others, particularly those to be fed 
to toadfish, were exposed to cercariae for several days to obtain massive 
infections. Flounders to be infected experimentally were first examined 
carefully with the dissecting microscope and any containing cysts or un- 
usual pigment spots in the fins or skin were discarded. While a few 
cysts might have been present in the deeper tissues, it was established by 
dissecting a number of fish that if infected at all, there almost always were 
a few cysts in the fins. Considerable difficulty was experienced in keep- 
ing experimental flounders alive until the metacercariae were infective 
for the definitive host. Since it was impossible to obtain parasite-free 
toadfish, those used in experiments were isolated for at least one month so 
that experimental infections could be dififerentiated from natural infec- 
tions by differences in the degree of maturity of the worms recovered. 

Throughout the study, living material was used as much as possible 
although stained whole mounts of larval and adult stages and sectioned 
adults were used as supplementary material. All figures except those 
indicated as free-hand drawings are to scale and were made with the aid 
of a camera lucida. Measurements are in millimeters. 

OBSERVATIONS 

Experimental Proof of the Life Cycle 

Befoi^e an attempt was made to determine the life cycle experimen- 
tally, metacercariae, believed to be those of W. vinaledwardsii were 
found in the cardiac muscle of Paralichthys dentatus. These later proved 
to be identical with larvae found encysted in the fins and beneath the scales 
of the fish. The flame cell formula was the same as that of the cercaria 
but the excretory bladder was far more extensive, being Y-shaped, with 
arms reaching the oral sucker as in the adult S . vinaledzmrdsU, In ex- 
perimentally infected fish, it was observed that the relatively small bladder 
of the cercaria developed in a few days to the extent observed in metacer- 
cariae from naturally infected flounders. Furthermore, the terminal 
genitalia-ventral sucker complex characteristic of S iphoder a htcsxnt well 
developed in metacercariae from experimentally infected fish. 
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In a preliminary experiment, a small flounder {P. dentatus) contain- 
ing many 9-day metacercariae was fed to a toadfish which was killed and 
examined four days later but found to contain only a few mature worms 
from previous infections. Thus it seemed that 9-day metacercariae were 
not sufficiently developed to establish themselves in the definitive host. 
Another small flounder that had been exposed to cercariae continuously 
for seven days, was kept alive until the oldest metacercariae were 13 days 
old. This fish was cut into three pieces and fed to three toadfish, one 
receiving one-half of the fish, the others one-fourth each. The next day, 
one of the toadfish fed one-fourth of the flounder was killed and well over 
ICX) very young Siphodera were recovered. Size variation of the worms 
corresponded with the differences in the ages of the metacercariae fed. 
In view of the previous experiment indicating that 9-day metacercariae 
w’-ere not infective, it seems very likely that well over one-half of the 
worms recovered would not have been present had the fishes been kept 
four days before examination. 

Three days after feeding, the second toadfish, receiving one-fourth of 
the flounder, was killed and found to contain 30 small, immature Sipho- 
dera which were more uniform in size than in the first fish examined. 
Presumably, worms that had been encysted less than 10 days, failed to 
establish themselves. The third toadfish was killed 11 days after re- 
ceiving one-half of the infected flounder. About 100 (95 were separated 
fi'om the debris and fixed) young and 11 adult Siphodera were i-ecovered. 
From none of three control toadfish were as many or nearly as young 
Siphodera recovered as from any of the experimental animals. 

The morphological and experimental evidence, indicating that the life 
history of S , vinaledwardsii has been demonstrated conclusively, is sup- 
ported by the fact that during an extensive survey of adult trematodes in 
the vicinity of infected snails we have not found any species whose larval 
stages might be confused with those of Siphodera, 

DESCRIPTION OF STAGES IN THE LIFE HISTORY OF 5. vinaledzoardsU 

The Adult 
(Figs. 1-7) 

The adult worms occur in large numbers throughout the intestine of 
the toadfish, Opsanus tan. Extended observations of both living and 
fixed specimens make it desirable to supplement the descriptions given by 
Linton (1901, 1910) and Manter (1926), particularly in respect to the 
excretory and reproductive systems. 

The writers’ specimens from naturally infected toadfish are somewhat 
smaller than those described by Linton and Manter but these differences 
are not significant since our specimens were not flattened. Six repre- 
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tentative mature adults, fixed in Bouin’s fluid after shaking in saline, and 
stained with Mayer’s paracarmine, have the following measurements: 
body length 0.93-1.19 (average 1.09), maximum width 0.48-0.65 (0.56) ; 
width of oral sucker 0.14-0.17 (0.156), pharynx 0.07-0.09 (0.08) ; 
diameter ventral sucker 0.07-0.09 (0.083), ventrogenital pit 0.08-0.11 
(0.093), prostatic bulb 0.08-0.10 (0.085). 

The body is thick and somewhat flattened, entirely covered with fine 
.sjjines, and widest behind the middle. The anterior end is broadly 
rounded in fixed specimens but appears more pointed in living ones. The 
shape of the posterior end is characteristic (Fig. 1), alwa3'S being de- 
cidedly pointed and occupied largely by the excretory vesicle. The me- 
dian ventral surface of the hindbody bears a prominent longitudinal 
furrow, the depth of which depends oxi the degree to which the excretory 
vesicle is distended. There are numerous unicellular glands with ducts 
opening at the surface of the body. These are especially abundant in the 
forebody but a few may be scattered as far back as the opening of 
Laurer’s canal. The granular contents of the glands stain intensely with 
eosiii. 

The small ventral sucker lies in a pit-like cavity, here called the 
ventrogenital pit, which opens to the ventral surface. This opening is 
variable in size and shape and the ventral sucker may be protruded 
through it. The genital pore is situated on the anterior wall of this 
cavity. The strong muscles radiating from the ventrogenital pit were 
described by Linton (1910) and Manter (1926) but these authors over- 
looked the conspicuous zone of gland cells surrounding the pit and ap- 
parently emptying into it. Also, in both living and stained specimens, the 
lining of the pit is distinctly cuticular in nature (Figs. 2-3), and is pro- 
vided with conspicuous spines. These spines are continuous in distribu- 
tion with those of the body surface and their points are directed towards 
the opening of the pit where they blend into the body spines (Fig. 3) . 

The excretory system (Fig. 7) is simple and can be observed readily 
in living, immatui'e specimetis under light covergiass pressure. The 
excretory vesicle is ventral in position, expanded, and Y-shaped. The 
stem is intercecal and widest posteriorly, narrowing somewiiat anteriorly ; 
the w'all is irregularly crenulate. At the level of the ovary, the vesicle 
divides to form the voluminous arms which extend forward, intracecally 
at first, pass beneath the ceca at the esophageal level, and terminate as 
expanded sacs near the oral sucker. The convoluted main excretory 
tubules enter the arms of the bladder at a level just behind the ventral 
sucker, extend laterally a short distance, and divide to form anterior and 
posterior collecting tubules. Each collecting tubule receives two secon- 
dary tubules, each of which is joined by the capillaries of two flame cells, 
one dorsal and one ventral in position. The flame cell formula is ac- 
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cordingiy 2 [ (2 + 2) + (2 + 2) ] = 16 flame cells. The excretory pore is 
posterior and slightly ventral and connected with the vesicle by a slender 
canal. 

Although there usually are four testes on each side, as many as six 
have been observed. They may be arranged one behind the other in the 
extracecal, dorsolateral regions of the hindbody, or one testis on either or 
both sides may lie median to the others and above the intestine. Be- 
ginning as an expanded, infimdibuliform tube near each group of testes, 
a prominent vas efferens extends anteromediad, passing below the vitel- 
line duct. The two vasa efferentia join a very short vas deferens which 
enters the seminal vesicle. The vesicle proper is divided into two parts 
of unequal length (Fig. 5), sepai'ated by a constriction. The terminal 
division is dorsal in position, elongate oval in shape, and provided with 
a thick wall, the outer layer of which is composed of cells wdiich in optical 
section appear rectangular with slightly rounded outer edges. By focus- 
ing on the surface of the vesicle in living worms, these cells are seen to form 
a succession of transverse rings. Posteriorly, the heavy wall is con- 
stricted and continuous with the thin- walled posterior division of the 
seminal vesicle. This division is much longer than the anterior portion 
and sigmoid in shape ; it extends ventrally in unflattened specimens 
(Fig. 1) but ill flattened ones is usually deflected to the left and behind 
the terminal portion as shown in Fig. S. The terminal anterior portion of 
the vesicle joins a prominent, spherical body, the prostatic bulb, which is 
situated above and slightly overlapping the anterior end of the ventral 
sucker. This bulb may be as large as the ventral sucker and is filled with 
pyriform glandular masses whose cytoplasm contains eosinophilic gran- 
ules. These masses contain no nuclei and appear to be the inner ends of 
the large prostatic cells situated outside the bulb which is pierced by 
their ducts, ■ A similar condition has been described for Cryptogonimns, 
Caecimcolaj and Allacanthoekasnms by Mueller (1934). On account of 
its structure and position in respect to the genitalia, the bulb is interpreted 
as an enlarged pars prostatica. From its antero ventral margin, a short 
ejaculatory duct extends abruptly ventrad to join the vagina. From this 
junction, a short genital atrium continues ventrad to the genital pore. 
There is no evidence of a gonotyl. 

The ovary is situated midventrally, just behind the seminal vesicle. 
It consists of many lobes which obscure details of the female complex. 
The oviduct begins at the median dorsal surface of the ovary as an ex- 
panded, funnel-like tube provided wdth radiating muscles. This portion 
of the oviduct probably corresponds to the ''swallowing apparatus'’ 
described by many authors, and functions in propelling the oocytes 
through the oviduct. The oviduct extends dorsally and anteriorly, pass- 
ing below the vitelline receptacle, and is joined by the seminal receptacle 
and Laurer’s canal. The receptacle is large, oval or pyriform in shape, 
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and situated to the left of the seminal vesicle. The junction of Laiirer’s 
canal with the seminal vesicle duct and oviduct forms a cross. From this 
point, Laurer’s canal curves dorsally and then posteriorly above the 
vitelline receptacle, opening mid~dorsally above the ovary. From the 
cross, the oviduct turns sharply ventrad and is joined immediately by the 
duct of the vitelline reservoir. Just beyond this point, the oviduct turns 
posteriorly and joins the ootype in which the egg shell forms. An incon- 
spicuous i\Iehlis gland is present. The beginning coils of the uterus extend 
posteriorly as a series of convolutions, and, in about one-half of the speci- 
mens, are confined to the right half of the body behind the ovarian level. 
Near the posterior end of the body, the uterus crosses to the left half of the 
body, passing beneath the excretory vesicle, and extends forward as a 
sinuous tube to the level of the seminal receptacle. It then recrosses the 
body to the right side and, in mature worms, coils several times in front 
of the right testes before extending anteriorly to the vagina. The course 
of the uterus as just described was observed in about one-half of the 
specimens studied, the remainder having either a mirror image of this 
pattern or an irregular one. Of 35 mature worms selected at random, 18 
had the pattern described, 16 the miiTor image, and one an irregular 
pattern. The eggs (Fig. 6) measure 0.02 to 0.022 mm by 0.011 mm in 
living worms and are colorless when first formed. As they pass through 
the uterus, the shells gradually become yellow and then brown, imparting 
a striking chocolate color to the pretesticular uterine coils in living worms. 

The vitellaria are confined to the lateral regions and just beneath the 
dorsal surface of the body between the levels of the genital pore and the 
anterior testes. Medially, the transverse band of dorsal follicles does not 
reach as far anteriorly as the lateral fields, but its roughly convex pos- 
terior margin usually extends backward farther than the lateral follicles. 
A transverse vitelline duct extends from each lateral field to join the 
heart-shaped vitelline reservoir. 

The Redia 
(Fig. 8) 

The redia is similar to that described for other pleurolopliocercous 
forms, being elongate, without locomotor processes, and provided with a 
short intestine and birth pore near the pharynx. The excretory system 
of one side is shown in Fig. 8. The largest rediae observed were about 
1 mm long and contained no mature cercariae. Hence it seems that the 
cercarial embryos leave the redia to complete their development in the 
snail’s tissues as described for certain other pleurolopliocercous forms. 

The Cercaria 
(Figs. 9-10) 

Specific diagnosis: Marine pleurolophocercous cercaria. Body bell-shaped when 
strongly contracted ; spinose as far back as eye-spots ; general pigmentation lacking ; 
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cuticle with fine “hairs.’’ Measurements of living specimens : body extended over 
0.23 long, contracted 0.10, moderately extended 0.17-0.19 (av. 0.18). Eye-spots 
block-like, 0.009 wide. Tail inserted ventrally, 0.24-0.40 long, averaging 0.29 when 
moderately extended; coiled when at rest: fin-fold continuous from near base of tail 
ventrally to posterior end of body dorsally, becoming very narrow for part of its 
extent on both dorsal and ventral sides of the tail. Oral sucker averages 0.03 by 
0.025 ; pharynx 0.008 in diameter, situated just behind eye-spot level ; remainder of 
digestive system undeveloped; ventral sucker 0.006 in diameter. 7 pairs of cephalic 
glands with ducts passing over oral sucker in two bundles; openings 3, 4, 4, 3 in 
crypt above mouth. Excretory vesicle U-shaped with irregular walls of thick, 
granular cells. Main excretory tubules short; anterior and posterior collecting 
tubules each receiving the capillaries of 2 pairs of flame cells; excretory formula 
2[ (2 4 2) + (2 + 2) ]. Genital primordium an undifferentiated mass of cells im- 
mediately anterior to excretory vesicle. Develop in simple rediae. 

Host: Bit Hum alfernafum (Say). 

Locality: Waquoit Bay, Cape Cod, Massachusetts, U. S. A. 

The cercaria of S . vinaledzmrdsli is unusual in a number of respects. 
Most noticeable are the insertion of the tail, the resting position of the 
larvae, and the presence of two instead of four bundles of cephalic gland 
ducts at the level of the oral sucker. In all described species of pleurolo- 
pliocercous cercariae, the tail is set in a socket at the posterior end of the 
body, while in the present species, the tail is inserted in a slit-like opening 
on the ventral surface a considerable distance from the posterior end of 
the body. The posteroventral surface of the body is concave. The rest- 
ing position (Fig. 10) is unique. In most if not all described pleurolo- 
phocercous species, the tail is sigmoid in lateral aspect when at rest and at 
the end of a swimming period, the larvae sink body downward through 
the water. In the present species, the tail curves dorsally, forming a 
spiral (Fig. 10) when at rest. If not disturbed, most of the larvae come 
to rest away from the light, either lying on the bottom or attached by the 
oral sucker to the bottom or side of the dish. A few rest on the side 
toward the light. There probably is a reversal of phototactic response 
with increasing age, since cercariae dissected from the snail are strongly 
photopositive. Swimming movements are similar to those of other 
pleurolophocercotts larvae. If shadowed when at rest, the cercariae 
respond by swimming either toward or away from the light in a zig-zag 
path. If placed in a small container such as a Syracuse dish, they may 
swim back and forth across the dish one or more times before resting. 

'Various species of flounders, the killifish, Fimdulus heterocliHisFznd 
tho. Apeltes were tried as intermediate hosts by 

placing them in dishes with large numbers of cercariae. Flounders, 
especially Paralichthys dentatus, became heavily infected, the killifish 
obtained a few cysts, and the sticklebacks were free of metacercariae when 
examined. Small summer flounders were used for most of the experi- 
mental infections since the fins are transparent and the process of pene- 
tration Gould be observed continuously. If while swimming, the cercaria 
comes in contact with the fish and the oral sucker touches the epidermis 
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of the fin, the tail is lost instantly and floats away without further move- 
ments. After decaudation, there is a distinct cleft at the posterior end of 
the body. The secretion of the cephalic glands is immediately poured out 
around the oral sucker and the larva remains almost motionless for three 
to five minutes. It then begins to penetrate the epidermis slowly, with 
the posterior end motionless, the oral sucker and spines of the forebody 
apparently doing most of the work after the host's tissues are softened by 
the secretion of the cephalic glands. The larvae require 45 to 50 minutes 
to complete penetration, after which they migrate through the tissues, 
usually for only a short distance, and encyst within three hours. A small 
crater, with roughened edges persists for several hours at the site of pene- 
tration into the epidermis of the fish. In the fins, the larvae usually 
encyst near the fin rays although they may localize in the thin membrane 
between the rays. Many larvae encyst at the base of the fins and near 
the ventral surface of the body. They occur also in the deep tissues, in- 
cluding the myocai“dium. 

Penetration is not influenced apparently by any chemotactic effect 
exerted beyond the epidermis of the fish since cercariae may swim against 
the fish or get beneath a fin and swim about for some time without pene- 
trating. A definite contact between the epideimiis of the fish and the 
oral sucker of the cercaria provides the stimulus necessary for penetration. 

Metacercariae 

(Fig. 11) 

The young metacercaria is enclosed in a thin, oval cyst membrane of 
parasite origin. Dense, secondary cyst layers of host origin were not 
observed, nor was there any marked pigmentation around metacercariae 
two weeks of age. However, old cysts in the fins of naturally infected 
flounders were surrounded by a densely pigmented area. After encyst- 
ment, the larva grows very rapidly for several days. The metacercaria 
at an age of less than one hour measures 0.115 by 0.09 mm; 24-hour 
metacercariae 0.145 by 0.12 mm; 2-day cysts 0.21 by 0.15 mm; 7-day 
cysts 0.27 by 0.18 mm; and six 9-day metacercariae averaged 0.28 by 
0.19 mm. Shortly after encystment the body becomes opaque and filled 
with large vacuole-like cells (Fig. 11a). At the end of 48 hours, these 
cells are more numerous but more uniform in size (Fig. 11b). In 7-day 
metacercariae (Fig, 11c), such cells are still present but in smaller num- 
bers and many features characteristic of the adult can be discerned. The 
intestinal ceca are developed, the arms of the excretory vesicle extend to 
the pharyngeal level and the characteristic ventrogenital pit complex is 
clearly seen. Although apparently in an advanced stage of development 
at 9 days of age, metacercariae must be at least 10 days old to be infective, 
as indicated by feeding experiments. 
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DISCUSSION 

Although Witenberg ( 1929) clearly defined the gonotyl and ventro- 
genital cavity or pit, these terms have been misapplied to a considerable 
extent. The ventrogenital pit of Siphodera and related genera has been 
called also a gonotyl, genital sinus, genital atrium, genital sucker, pseudo- 
sucker and genital pit. Sections of S. vinaledwardsU clearly demonstrate 
not only that its cuticular lining is similar to and continuous with the 
cuticle of the body surface (Figs. 2-3) but also that it bears spines which 
differ only in size from those of the body. Cross sections of worms show 
clearly a continuous distribution and overlapping arrangement of the 
spines extending from the ventral sucker to the exterior body surface. 
The ventrogenital pit of Siphodera therefore is a secondary invagination 
of the body wall and not a genital atrium or gonotyl. 

Certain genera of Cryptogonimidae, as described by Mueller ( 1934), 
provide an interesting and significant series of modifications of the termi- 
nal genitalia-ventral sucker complex. Of these, Caecimcola seems 
to be the most primitive since it has neither a ventrogenital pit nor 
a gonotyl ; in this genus, the relationship of the genital pore and ventral 
sucker to the body surface is essentially the same as in the Acanthosto- 
MIDAE, Opisthorchiidae and many other families of digenebc trema- 
todes. The next in the series is the genus Allacanthochasnms in which a 
papilla-like gonotyl develops in front of the genital pore. In Cryptogom- 
mus, the gonotyl is much more prominent, its base is pierced by the 
genital atrium, and the beginning of a ventrogenital pit evident as an 
invagination of the body wall. The pit is well formed mS^phoderma and 
Siphodera. Since Siphoderina h&s a distinct pnotyl, its absence in 
siphodera may be a secondary condition although the histological struc- 
ture of the pit does not support that view. , , 4 

In the Heterophyidae and Cryptogonimidae, then, Ae tendency of 
the body to become invaginated in the region of the genital pore is ex- 
m-essed in varying degrees. The nature and contents of the resulting pi 
depend on U.e proximity .nd relationAip of the genital pore to the venW 
sucker. Thus in Heterophyes, the invagination forms a genital pit inde- 
pendent of the ventral sucker and enclosing only the sucker-like gonotyl, 
while in Cryptocotyle and many other genera, the invagination forms a 
ventrogenital pit, which, as its name implies, encloses both the gonoty 
and ventral sucker. The genital pore and its associated gonotyl may 
either anterior or posterior to the ventral sucker which becomes greatly 
reduced in certain genera, being merely a muscular thickening in the wall 

There alsl is an^interesting series in the relationship of the genital 
nore to the gonotvl. Thus in Acetodextra cmmin, the genital poi e is not 

cb0 associated with the in AUacanthochasn^us, the pore is at 



Luucis, me gonotyi proDaDly tunctions as a cirrus or accessory copiilatory 
structure, aided by the muscular ventrogenital cavity. Incidentally, there 
is a striking resemblance between the powerful muscles radiating from 
the ventrogenital pit in Siphodera and Cryptocotyle. 

Knowledge of the life histories of Exorchis ovijormis, Caecinicola 
parvulus and Siphodera vinaledwardsii indicate a close relationship be- 
tween these and similar trematodes which Price (1940) has allocated to 
the family Cryptogonimidae. In known life histories, the cercariae 
are all of the pleurolophocercous type with an excretory formula of 
2[{2 + 2) + (2 + 2)]. The cercaria described by Hopkins (1938) also 
is probably a larval cryptogonimid; although its excretory pattern was 
not determined, it agrees with the cercariae of Caecinicola and Siphodera 

m possessing seven pairs of cephalic glands and a bilobed ventral caudal 
fin. 

Both C ercaria coronanda Rothschild, 1938, and the cercaria of Centro- 
cestus armatus, as described by Yamaguti (1938), have an excretory 
formula of 2 [(2 + 2) + (2 + 2)] but differ in other respects from the 
cryptogonimid cercariae mentioned above. C. coronanda has ten pairs of 
cephalic glands wdth ducts in four bundles and the ventral caudal fin is 
not bilobed, while in the cercaria of C. armatus, there are only four pairs 
of cephalic glands with two bundles of ducts figured and caudal fins are 
completely lacking. Disparity in respect to the extent of caudal fins and 
number of cephalic glands may be correlated with the degree to which a 
species depends upon swimming and active penetration in establishing it- 
self m the second intermediate host.^ Ingles (1935) has described a 
pleuro ophocercous species which er sts in the redia without escaping 
l om the snail. In that species, a dorsal caudal fin is lacking and cephalic 
glands are neither figured nor described. 

On the other hand, the identical excretory formulae in the cercarial 
s age of members of the families He erophyidae, Acanthostomidaf 
raises a question concerning the separation of 
these families as proposed by Price (1940). In our opinion, most if not 
all of the characters on which the separation is based are of doubtful 
validity. Certainly body shape and size and the presence of eve-spot 
lemnants in adults depend on the nature and extent of post-cercarial 
growth, in large species, the eye-spot pigment, if present in the cercaria 
may become completely absorbed or so finely dispersed that it is easily 
overlooked, while in small species, it usually remains distinct. In all 

others. Gonot>ls are present in members of the Heterophyxdae, ap- 
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parently absent in the Acanthostomidae, and either present or al;)seiit in 
the Cryptogonimidae. In other papers (Cable and Hiinninen, 1940, 
1942) we haA'C expressed the Anew that modifications of the terminal 
genitalia are Iw themselA’es of doubtful significance as characters of cer- 
tain families. The opecoelid genera, Podocotyle and Opecoeloides, pro- 
vide a striking example in support of this interpretation. Their cercariae 
are so similar that they can be dififerentiated only with difficulty and yet 
Podocotyle has a prominent cirrus sac and no accessory sucker Avhile 
Opecoeloides has no cirrus sac but possesses an accessory sucker between 
the ventral sucker and the genital pore. In the family Cryptogonimidae 
alone, variations and gradations in the development of the terminal 
genitalia-ventral sucker complex indicate that this complex is not a reli- 
able character for difiierentiating this family from the Acantiiostomidae 
and Heterophyidae. 

While there is an exact agreement in the knoAvn excretory patterns of 
cryptogonimids, members of the family Heterophyidae show considerable 
variation in this respect. The pattern in Cryptocofyle is complex but in 
the remaining known excretory patterns of heterophyids, there are four 
groups of tAA^o or three flame cells on each side of the body, tAVO groups 
joining each anterior and posterior collecting tubule. If Centrocestus, 
AAdth an excretory formula identical to that of the cryptogonimids, is 
properly allocated to the family Heterophyidae, the excretory pattern 
does not afford a valid basis for separating that family from the Acan- 
TPiosTOMiDAE and Cryptogonimidae. Price's (1940) subdivision of 
the Opistpiorchioidea is based chiefly on the shape of the excretory 
A^esicle. In the PIeterophyidae, the vesicle is triangular or Y-shaped 
with short arms not extending anterior to the ovary Avhile in the Agan- 
thostomidae and Cryptogonim dae, the vesicle is V- or Y-shaped with 
arms reaching the pharyngeal ;veL It should be stated that in 
heterophyids Avith Y-shaped vesicles, the ascending tubules join the tips 
of the arms AAhile in Siphodera and probably other cryptogonimids and 
the Acantiiostomidae, the tubules enter the arms at a considerable 
distance from their anterior ends. Since there seems to be no distinctly 
intermediate forms, these differences may justify the separation of the 
family Heterophyidae from the Acantiiostomidae and Crypto- 
gonimidae. It should be pointed out, howeA^er, that in the cercarial 
stage, there is little if any indication of the shape or extent to Avliich the 
excretory vesicle Avill deA^elop in the adult Avornis. 

The excretory vesicle of Siphodera is distinctly Y-shaped AAith a long 
stem and thus agrees with that of the Acanthostomidae as defined by 
Price (1940). Furthermore, certain of the genera allocated to the 
Cryptogonimidae agree with the iVcANTHosTOMiDAE in lacking a 
gonotyl, although the metacercaria of Cercaria coronanda, presumably an. 
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acanthostoiiiid, possesses a distinct gonotyl. The chief difference, then, 
Ijeiween the Acantitostomidae and Cryptogonimidae appears to f^e 
hod\' shape. Although there may be significant differences in the ar- 
rangement of internal organs, many of these differences may be corre- 
lated ^Yith body size and shape. Therefore, it seems to us very doubtful 
that the Acanthostomidae and Cryptogonimidae should be retained as 
distinct families. The adult of C. coronanda was not determined by 
Rothschild (1938) although she later (1940) expressed the view that it 
probabl}' would be between the Heteropiiyidae (Neocjtasminae) and 
Acanthostomidae but closer to the latter. Since Price (1940) has 
placed the Neochasm inae in the Cryptogoni:uidae, it is quite likely 
that C. coronanda is a larval cryptogonimid. In view of that possibility, 
final disposition of the families Acantitostomidae and Cryptogonimi- 
DAE must await knowledge of acanthostomid life histories, none of ^vhich 
to our knowledge has been traced experimentally. 


summary 

The life history of Siphodcra vinaledzvardsii (Linton, 1901) has been 
traced experimentally and various stages in the cycle are described. The 
cercaria is a pleurolophocercous form developing in rediae in the marine 
snail, Bittiiiin alfernatnm. Fishes, particularly Paralichthys dentatus, 
serve as the second intermediate host. Metacercariae in experimentally 
infected flounders were fed to three toadfish, Opsanus tan, all of which 
were found at autopsy to harbor young adults of S\ vinaledwardsii. 

Ill a discussion of the opisthorchioid trematodes, it is concluded that 
the separation of the Acantitostomidae and Cryptogonimidae is of 
doubtful validity. 
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Explanation of Plate I 
All figures pertain to Siphodera vinaledzvardsti. 


Abbreviations 


DG dermal glands 

ED ejaculatory duct 

EP excretory pore 

ES esophagus 

EV excretory vesicle 

EY eye-spot remnants 

GL glands around ventrogenital pit 

GP genital pore 

GS genital sinus or atrium 

IN intestine 

LC Laurer’s canal 

MG Mehlis^ gland 

MO mouth 

MU muscle 

OD oviduct 

GS oral sucker 


OT ootype 

OV ovary 

PG prostate glands 

PH pharynx 

PP prepharynx 

PR prostatic bulb 

SR seminal receptacle 

SVj^ seminal vesicle, terminal portion 

SV 2 seminal vesicle, beginning portion 

UT uterus 

VA vagina or metraterm 
VD transverse vitelline duct 
VG ventrogenital pit 
VI vitellaria 
VR vitelline reservoir 
VS ventral sucker 


Fig. 1. Adult, dorsal view. 

Fig. 2. Adult, slightly oblique sagittal section. 

Fig. 3. Adult, cross-section at ley el of ventral sucker. 

Fig. 4. Free-hand drawing of spines in ventrogenital pit as observed in living 
adult worm. 

Fig. 5. Free-hand drawing of reproductive system as observed in living adults 
under considerable coverglass pressure. 

Fig. 6. Eggs. 

Fig. 7. Adult, excretory system (free-hand). 


Explanation of Plate II, p. 422 
All figures pertain to Siphodera vinaledwardsii. 


Abbreviations 


CG cephalic glands 
DF dorsal fin-fold of tail 
EP excretory pore 
EV excretory vesicle 
EY eye-spot 
GA genital primordiuni 

VS ventral 


GB germ balls 
GD cephalic gland ducts 
IN intestine 

OG openings of cephalic glands 
PH pharynx 

VF ventral fin-fold of tail 
sucker 


Fig. 8. Redia showing excretory system of one side. 

Fig. 9. Cercaria, ventral view. 

Fig. 10. Free-hand drawing showing resting position of cercaria. 

Fig. 11. Metacercariae (a) 24 hours, (b) 48 hours, and (c) 7 days of age. 
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PARASITES OF THE WOODLAND CARIBOU 

Dikmans (1938, Proc. Helm. Soc. Washington 6: 97-101) had for his review 
of the parasites of semi-domesticated and wild ruminants no information on the hel- 
minths of the woodland caribou. Since that time, however, three of these hosts, 
Rangifer caribou sylvestris, have been examined for parasites in our laboratory at 
University Farm and one has been examined in the field in Canada and the helminths 
recovered from it submitted to us for identification. 

Three of the four animals examined were captured by Mr. J. ^Slamvciler at 
Montreal Lake, Saskatche'wan in 1938. The first one, an adult female, was trapped 
on May 9, 1938. It died and was examined for parasites in the field at Alontreal 
Lake by Mr. Maim^eiler. Several larval specimens of the tapeworm, Taenia krabbei, 
were removed from the muscles of its right shoulder, and 5 nematodes, Diciyocaiilus 
vwlparus, were taken from its lungs. It was also parasitized by 66 nose bots, Cc- 
phenomyia phobifer, 3 of which Mr. Manweiler reared. All of these parasites, w'ith 
the exception of the 3 bots reared by Mr. Manweiler, were submitted to us for 
identification and have been placed in the helminthological collection of the Division 
of Entomology and Economic Zoology, University of Minnesota. 

The second caribou, a month old calf, was captured on May 25, 1938. Only the 
viscera of the calf were available for study; no parasites were found. 

The third animal, a yearling, was shipped from Montreal Lake, Saskatchewan, 
to the caribou refuge at Red Lake, Minnesota, where it lived for 3 years, dying on 
December 28, 1940. At autopsy 16 specimens of the filarial nematode, Setaria certd 
[= labiato papulosa] were found attached to the outside wall of its stomach. 

The fourth caribou, an old female and one of the very few survivors of the native 
herd at Red Lake, Minnesota, which is the only region of the state -where native 
caribou still survive, was found in a weakened condition by Mr. Manweiler about 
August 10, 1940. It was sent to University Farm for observation and then removed 
to the Carolos Avery Game Refuge in Anoka County where it died on August 18, 
1940, probably due to the infirmities of advanced age. Three species of helminths 
were recovered from it: 15 lung worms, Dictyocaulus znviparus, 2 filarial worms, 
Setaria cervi, and 5 tapeworms, Moniesia expansa. In addition, Dr. R. Fenster- 
maclier noted old liver abscesses, probably caused by the fluke Fascioloidcs magna. 
No flukes were found, but a few eggs were noted. 

We are indebted to Mr. Allen McIntosh of the Zoological Division, Bureau of 
Animal Industry who made the specific identification of the tapeworms, and to Dr. G. 
Dikmans and Mr. John T. Lucker who verified our identifications of the nematodes. 
Also, we wish to thank Mr. Manweiler who spared no effort in getting the caribou 
to us. — Arnold B. Erickson, Division of Economic Zoology, University of Minne- 
sota, AND P. R. Highby, Minnesota Conservation Department, Division of Game and 
Fish, , , 

A NOTE ON IMMUNITY REACTION IN THE BLACK-HEADED 
GULL (LARUS RIDIBUNDUS L.) INFECTED WITH 
MARITREMA OOCYST A LEBOUR, 1907 

Very numerous American observers have drawn attention to the fact that: (1) 
very heavy infections of trematodes are not long supported by the host, which 
passes out numbers of mature and immature worms in the feces until the infection 
is greatly reduced; (2) reinfection is often unsuccessful, some type of immunity 
being set up, ^ ■ 

During my work on the life-cycle of Maritrcma odeysfa Lebour, 1907 a similar 
phenomenon was noted. One observation was made which seems worth recording. 

Tw^enty thousand encysted cercariae were fed to a laboratory-reared black- 
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headed gull {Lams ridibwidus L.) every day for eight days. The peak of the 
iiifeetion appeared to be reached about the sixth day, when vast numbers of viable 
eggs (which hatched on the third day), but no worms, were observed in the feces. 
From that date onwards the infection began to decline very rapidly, moribund 
worms in all stages of development being passed out, and the egg count fell 
precipitately. At the same time it became evident that large numbers of unexcysted 
worms were also appearing in the feces. At first it was thought that these were 
another closely allied species, accidentally fed to the bird, and were not developing in 
this particular host. This mistake can be made very easily, owing to the remarkable 
similarity between metacercariae of closely related species oi Maritrema. I con- 
cluded, however, that they were in fact M. odeysta cysts. Two possible explanations 
occurred to me. (1) Although the bird did not appear to be suffering from any 
intestinal disturbance due to the infection, as a result of the irritation caused by the 
worms, increased peristalsis passed the cysts so rapidly down the intestine that they 
avoided the action of localized enzymes normally responsible for the break-down of 
the cyst-wall. (2) That the production of the enzymes in question was greatly re- 
duced or actually inhibited. 

The cyst-wall of M. odeysta is, however, remarkably susceptible to the action 
of enzjmies, and artificial e.xcystment can always be induced in the species witli 
unusual ease. With these facts in mind ten days later 1 fed this gull several 
specimens of Scrobicukma sp., which I had experimentally infected with a few 
echinostome cercariae also obtained from Peringia ulvae Pennant, 1777. Ten days 
later several echinostome eggs, but no Maritreum eggs, were found in the feces. 
Forty thou.sand M. odeysia cysts were again fed to the gull on three consecutive 
days. Subsequently fecal examinations revealed only an occasional Maritrema egg 
and a few echinostome eggs. Unfortunately enemy action terminated this experiment 
prematurely. It was intended to keep the bird alive for a considerable period, 
in order to discover how long an infection will last once it has become stabilized. 
This particular gull was killed by the effect of blast from a high explosive bomb, 
and the examination was consequently made only three months after the initial 
infection with M. oocysfa. When an infection of this worm is at its height, it 
is fairly well distributed along the entire length of the intestine, whereas in a 
sta!)ilized infection the worms are confined to the terminal portion. In this 
particular bird only one worm was found in the upper end of tlie intestine, and 
the remaining specimens were all situated in the rectum. 

It would therefore appear that in black-headed gull very heavy infection 
with il/. oocysfa sets up an immunity reaction, which limits the number of the nara- 


ADEL7NA DERONIS N. SP., A NEW COCCIDIAN PARASITE OF 
THE AQUATIC OLIGOCHAETE, DERO LIMOSA 

This parasite was discovered in the coelomic cavities of living specimens of the 
naid oligochaete, Dcro limosa. The worms were from a small pond on the univer- 
sity campus. Examination of numerous specimens from 8 other naid genera col- 
lected in Pennsylvania, New Jersey and the New England states has not revealed 
infections of Adelina dcronis or any other sporozoan. This apparent host-specificity 
justifies the name chosen for the new parasite. 


Adelina deronis n. sp. 

(Figs. 1-5) 

Sporozoites: 12 microns long, 2.5" microns wide. Ovoid nucleus in posterior 
third 

Trophozoites (Schizoiits) : Spherical to ovoid. Mature stages 25 microns in 
diameter with up to 60 nuclei. 





Merosoifes: From 6 to 13 microns long, and 1.5 to 3 microns wide, depending 
on generation. 

Microgmnetccytes: Sub-spherical, and from 7 to 9 microns in diameter. Each 
produces , four flagellated microgametes, 2 microns long, 1.5 microns wide. 

Macrogametocytes: Ovoid, averaging 19 microns in length, 17 microns in width. 

Oocysts: 17 to 21 microns in diameter, thin- walled and slightly lobed; 8 to 16 
sporocysts. 


Adelina deronis n. sp. 

FiCi. 1. Mature sporocyst containing two sporozoites and a central residual 
body. 

Fig. 2. Advanced stage of gametocyte association. Pair is held together by 
copulation membrane. Nucleus of the (smaller) mici'ogametocyte in early prophase. 
Conspicuous nucleolus and peripheral chromatin in macrogametocyte nucleus. 

Fig. 3. Mature microgametocyte (drawn without the attached female) con- 
taining four flagellated microgametes and one nucleolar remnant. 

Fig. 4. Zygote with attached microgametocyte remnant. Synkaryon spindle 
shows maternal chromatin (upper half) and paternal chromatin (lower half). Fer- 
tilization-membrane is slightly raised at lower pole, where microgamete has entered. 
Three unused microganietes left behind in the microgametocyte. 

Fig. 5. Advanced oocyst containing eight immature sporoc 3 ^sts. ^ficro- 
gametocyte remnant still attached at upper right. 
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Sf>orocys/s: Thin-walled, spherical, 6 to 7 microns in diameter. Contain 2 
sporozoites and a centrally located, granular residual bod}’-. 

Host: Dew Hmosa, 

Site (yf InfcctioH: Peritoneal tissue and coelomic cavities. 

Locality: Pond on campus of University of Pennsylvania. 

Studies of living and fixed material, smears as well as sections, have shown the 
following- life-cycle, Sporocysts (Fig. 1) are presumably ingested by the worm, 
and emerging sporozoites probably penetrate through the midgut wall into the 
coelom. Plere they enter the cells of the parietal peritoneum, where they become 
enlarged, round up, and undergo schizogony. From 20 to over 60 merozoites are 
produced by each schizunt. The vegetative cycle shows at least two morphologically 
distinct generations. It is possible to distinguish between vegetative and gamete- 
cyte-producing schizonts. The latter are of two types ; one gives rise to an average 
of 30 microgametocytes, the other to an average of 8 macrogametocytes. These 
gametocytes become associated at an early stage of development. A syzygy mem- 
brane is formed around each pair (Fig. 2). After a period of growth, the niicro- 
gametocyte gives rise to 4 flagellated microgametes (Fig. 3), one of which enters 
the female cell at a point opposite the region of original union of the gametocytes. 
Fertilization is followed by the secretion of a fertilization membrane. Tlie ma- 
ternal and paternal chromatin becomes arranged end to end in the synkaryon spindle 
(Fig. 4). This now undergoes condensation, and usually withdraws toward the 
pole nearest the niicrogametocyte remnant. The z}^gote nucleus is the only diploid 
nucleus in the entire cycle. The haploid chromosome number is established at 
the first zygotic division. The zygote (oocyst), to which microgametocyte rem- 
nants are usually still attached (Fig. 5), produces 8 to 16 sporocysts, each with two 
sporozoites (cf. Fig. 1). 

The mature oocyst is the only stage suitable for species determination. A, 
cicronis cysts are distinct from those of A. ociospora Hesse (Sur le genre Adelea a 
propos d'une nouvelle coccidie des oligochetes. Arch. Zool. Exp., VII, XV", 1911), 
the only species with which they might be confused. The oocysts of A. octospora 
are smoothly spherical, thick- walled, and 19 to 23 microns in diameter. They in- 
variably produce 8 spherical, thick-walled sporocysts, 9 microns in diameter and 
containing 2 sporozoites each, in contrast to the characteristics given above for the 
new species. 

A detailed cytological account of A, deronis is being prepared for later publica- 
tion. — T. S. Hauschka and M. I. Pennypacker, Zoological Laboratory, Univer- 
sity of Pennsylvania. 

EXCYSTATION OF COCCIDIAL OOCYSTS OF THE CHICKEN 

In a paper by Pratt (1937, J. Parasitol. 23: 426-427), it was reported that 
spores and sporozoites of the chicken coccidium, Ehucria fencllo, were liberated in 
the crop of birds, in some cases as soon as five minutes after the oocysts were in- 
gested. His attempts to excyst the oocysts in vitro with pancreatin,. and with 
saline extracts of the crop, proventriculus, and duodenum failed. Although no 
positive statement was made, his results strongly inferred that digestive enzymes 
were not responsible for exeystation. This is contrary to the findings of others, 
particularly Smetana (1933, Arch. Path. 15: 175-192) who demonstrated, by well- 
controlled in vitro experiments, that trypsin was responsible for exeystation of 
rabbit coccidia. This difference of opinion, in addition to the scarcity of definitive 
information prompted the writer to investigate the problem. 

The pancreatic ducts were ligated in a number of coccidia-free White Legliorn 
chickens from five to twelve weeks of age. The ligated birds and normal controls 
were dosed into the crop with equal amounts of uniform suspensions of sporulated 
oocysts. Fecal examinations for the resultant oocyst discharge were made at suit- 
able intervals by means of the sugar flotation technique. Negative results were 
checked further by the more sensitive test of feeding the incubated feces to coccidia- 
free birds. Ten gram samples of the feces in question were incubated for three days 
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at C in shallow' layers of per cent potassium dichroniate solution. The incu- 
bated leces were then fed to coccidia-free birds and their feces, in turn, were ex- 
amined for resultant infection in the usual manner. The objection raipiht be raised 
that the intestinal epithelium of the ligated birds might be so altered physiologically 
that growth of the parasites could not be supported in any case. To answer this 
objection, infection of the ligated birds was attempted with merozoites (Levine, 
1940, J. Parasitol. 26: 337-343). 

The results of these experiments (Table 1} were consistent. None of the birds 
w'itli ligated pancreatic ducts became infected when dosed with sporulated oocysts. 

Table 1. — Coccidial infccimi of normal chickens and chickens ‘lAth Uyaied pancreatic 
ducts dosed iviih sporulated oocysts and with merosoites. Injection 
determined by fecal examination for oocysts (sugar flotation 
technique) and by feeding tests ivith incubated feces 


Days after feeding sporulated o<ieysts 
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. = Merozoites (collected from a bird destroyed on the day of infection 

indicated by the number) injected into the intestine or into the ceca (E. tenella experi- 
ment). 


This is apparent from the negative findings of fecal examinations. Feeding tests 
with the incubated feces -were likewise negative. In the experiments w'ith E. tenella 
and E. necatrix the control birds exhibited symptoms and post mortem lesions char- 
acteristic of infection with those species. The ligated birds, however, remained 
normal in every respect. On the other hand, in every instance where merozoites 
were administered, infection resulted promptly. This observation indicated that the 
intestinal epithelium of ligated birds was fully capable of supporting coccidial growth. 
Precautions had to be taken in ligating the pancreatic ducts, since imperfect ligation 
permitting even a small flow of pancreatic juice, rendered the bird susceptible to 
infection with sporulated oocysts. In one instance where the ducts were not only 
ligated but also severed, slight infection resulted from a dose of sporulated oocysts. 
This unexpected result was explained when the bird was examined post mortem. 
It was found that in addition to the three pancreatic ducts normally present in the 
chicken there was a fourth duct originating from the posterior end of the pancreas 
discharging secretions into the duodenum at the curve of the U. This anomaly had 
been overlooked when the other ducts had been ligated. 

Since sporulated oocysts had failed to infect ligated birds while merozoites were 
successful, it seemed logical to assume that excystatioii of the oocysts had failed to 
take place. In that case the sporulated oocysts should have passed through the in- 
testinal tract unchanged. To test this hypothesis all the feces passed by the ligated 
and control birds in the experiment with E. praecox were collected during the 24 
hours following the dosing with the sporulated oocysts. The feces were stored in 
a refrigerator for 24 hours and then fed to each of two coccidia-free chickens. The 
relative number of sporulated oocysts in each lot of feces was estimated by compar- 
ing the number of oocysts discharged by these chickens. It was estimated that the 
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feces of the ligated bird produced 100 times as many oocysts as those of the control 
A similar experiment was done in the test with E. tenella. Again the chicken that 
received the feces of tlie ligated birds suffered an infection which was much more 
severe than the one occurring in the bird fed the feces of the control. This was 
evidenced by a comparison not only of the relative number of oocysts discharged by 
eadi but also by the severity of the cecal lesions. 

In the writer’s opinion the only reasonable interpretation of the results herein 
described is that pancreatic juice is necessary for the exeystation of oocj^sts of the 
ducken. Some preliminary experiments in vitro done by the author indicate that 
trypsin may be the active agent as was found by Smetana with rabbit coccidia. 
Pratt’s findings may possibly be explained either by assuming that a regurgitation 
of enzyme-containing fluid took place in the crop or that sporozoites were released 
in tliat organ as a result of mechanical pressure. In any event our data indicate 
that sporozoites, if liberated in that organ, could not produce infection. — P. P, 
Lfa'txe, Nezv York State Veterinary College, Ithaca, Nezv York. 

A NEW THERMOSTABILE MEDIUM FOR THE PROLONGED 
BACTERIA-FREE CULTIVATION OF TRICHOMONAS 
FOETUS 

A variety of media have been successfully employed for cultivation- of bacteria- 
free cultures of Trichomonas foetus, including those of Glaser and Coria (1935, Am. 
J. Plyg. 22 : 22U226), Rees (1937, Am. J. Hyg. 26: 283-291) and Daniel (1940, J. 
Parasitol. 26: 85). It was found these w^ould support growth sufficient to maintain 
cultures over an indefinite period of time, provided frequent transfers were made. 
Nevertheless, with the exception of Andrews and Lyford (1940, Am. J. Hyg. 31C: 
43-50) and recently of Lyford (1941, Am. J. Hyg. 33C: 69-87), who were able to 
maintain individual cultures for as long as 3-4 months, none of the media developed 
support growth of individual cultures for long intervals (rarely longer than 3 weeks) 
and yet make subculturing possible. 

The following notes are upon a thermostabile sodium citrate medium originated 
by Schneider (1941, Thesis, Univ. Wisconsin Library), and later modified by the 
addition of dried ground egg shell (1942, Schneider, J. Vet. Res., in press). A suf- 
ficient amount of this medium can be prepared in one day to last, when kept at ice- 
box temperature, for a number of weeks, with no resultant effect on the growth of 
Trichomonas foetus. It has supported the growth of two strains of T. foetus, ont of 
which has been maintained on it for nearly two years, the other since its isolation on 
March 31, 1941. 

At 37° C individual cultures, covered w'ith “Parafilm” or in anaerobic glass-sealed 
test tubes (as used for transportation purposes), have lasted 30-60 days, with the 
longest on record 72 days. At room temperature, 22-25° C, such cultures have been 
kept 3-4 months. The longest positive cultures recorded were 139 and 147 days old, 
respectively. Subcultures were easily started from them. After prolonged storing 
at room temperature, cultures are placed in a 37° C incubator for 3 to 10 days to 
permit the flagellates to multiply in sufficient numbers (as noted by the development 
of gas bubbles at the surface of the liquid portion of the medium) to allow for making 
subinoculations. The medium is recommended for maintaining stock cultures of T. 
/octe at room temperature and is prepared in two parts. 


A. Preparation of egg slants : 

6 whole eggs 

60 ml defibrinated bovine blood 

50 ml of “Sodium Carbonate Solution’' prepared as follows : 

Sodium Chloride 6.5 gm 

Sodium Bicarbonate 0.2 gm 

Potassium Chloride 0.2 gm 

Sodium Carbonate, Anhydrous, (NagCO^ + 10 HgO can be 

substituted) 0.5 gm 
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Potassium Phosphate, Monobasic (KHgPO^) 0.5 gni 

Potassium Phosjjhate, Dibasic (KgHPO^) 0.5 gm 

Glucose 2.5 gm 

Distilled water 1000 mi 


1. Beat up thorouglily with glass beads in a two-liter flask. 

2. Filter through cheese cloth or gauze to remove membranes, etc. 

3. Distribute in test tubes in 4 to 5 ml quantities. 

4. Slant test tubes in previously heated autoclave, turn on steam till pressure 
reaches 10-12 pounds, and then turn steam oft' completely. Remove immediately 
when cool. It is to be noted that this does not sterilize the egg slants. 

B. Preparation of liquid portion of the medium for covering the egg slants : 


1. Sodium Citrate Solution 

Sodium Chloride 5.0 gm 

Magnesium Sulphate 0.2 gm 

Ammonium Acid Phosphate (NH^HgPO^) 1,0 gm 

Potassium Phosphate, Dibasic (K^HPO^) 1.0 gm 

Sodium Citrate 2.0 gm 

Glucose 10.0 gm 

Distilled water 1000 ml 


2. Bovine serum (sterility not required) 5.0-7.5%. The serum is always 
centrifuged two to three times to remove all cellular material. 

3. Adjust pH to 7.2-7.4. 

4. Add 2 ml of a 1.6% alcoholic solution of bromcresolpurple (for visibly 
observing pH change, indicating flagellate growth in medium). 

5. Add 40 mgm hematein (dissolved in distilled water so that each ml contains 
5 mgm hematein. Ten minutes in the autoclave at 15 pounds pressure will help the 
hematein to go into solution), 

6. Filter two to three times through double layer filter paper until the solution 
is perfectly clear, 

7. Add dried ground egg shell on the bottom of the egg slant to a height of 
about 5-10 mm. 

8. 10-12 ml of the filtered solution (direction #6) is used to cover the egg- 
slant and dried egg shell. 

9. Sterilize in autoclave 30 minutes, 15 pounds pressure. 

Morris D. Schneider, St, Paul, Minnesota. 

SOUTH AMERICAN CUTANEOUS LEISHMANIASIS IN 
EXPERIMENTAL ANIMALS 

Under the name leishmaniasis are included the human diseases caused by 
protozoa belonging to the genus Lcishmania. The clinical forms of the disease may 
be classified under at least two groups, visceral and cutaneous. In the cutaneous 
disease, which occurs in South and Central America, India, Asia and Africa, single 
or multiple ulcerating granulomatous lesions are found on exposed parts of the body, 
and no invasion of the viscera is reported. In the American form of cutaneous 
leishmaniasis, the mucous membranes of the nasopharynx may also be affected in 
10 to SO per cent of cases in particular localities. 

The etiological agent of South American cutaneous leishmaniasis, named 
Lcishmania hrasiliensis Vianna (1911, Brazil-Med. 25 : 411), may be recovered from 
the skin lesions in smears and cultures under favorable conditions. Isolation is 
frequently made difficult by reason of secondary bacterial infection of many lesions. 

Experimental attempts to produce the disease in many dift'erent animals have 
been attended with varying degrees of success (Geiman, 1940, J. Parasitol. 26 
•Suppl. : 22-23) . A fundamental problem has been to find an animal that is uniformly 
susceptible to cutaneous infection, thereby enabling one to carry out critical studies 
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known to be siiscei^tible to visceral leishmaniasis. Thus we have studied Syrian 
hamsters. Cricciits auratus, Texas ground squirrels, CitcUus tridcccmlincahis sub- 
species, and a few of the members of the Sciuridae indigenous to the eastern United 
States, 

I'he organisms used for inoculation of animals were isolated in 1939 in Peru 
from human cases of cutaneous leishmaniasis (Gciman, 1940). The}'- have been 
maintained subsequently through serial passage on the well-known NNN medium of 
Xovy, MacXeal and Nicolle (Nicolle, 1908, Bull, Soc. Path. Exot. 1: 121-126). 
■Material obtained from such cultures, suspended in normal saline, has served for 
inoculation of animals by subcutaneous or intraperitoneal routes, or combinations of 
both. After inoculation, an animal is observed at regular intervals for signs of 
disease. If a cutaneous lesion appears, it is punctured under aseptic precautions to 
demonstrate and recover organisms. Some of the material thus obtained is planted 
on NXN medium, and the culture is examined for flagellates until it is a month old. 
Smears of material obtained by puncture are fixed in absolute methyl alcohol, stained 
with Giemsa solution, and examined for cells containing parasites in the form of 
typical Leishman-Donovan bodies. An animal is declared to be positive only after 
it has developed a gross lesion from which characteristic forms of the parasite have 
been recovered in culture or in smears. Biopsy specimens have been taken from 
certain lesions from time to time for implantation into other animals and for 
sectioning. "V^'^hen an animal is autopsied, routine smears and cultures are made of 
heart’s blood, spleen, liver, and bone marrow’. 

This study of three strains of Lcishmania hrasiliensis has given the following 
results: 

Syrian hamsters have shown no evidence of infection following intraperitoneal 
injection of culture material. Fourteen animals have been injected subcutaneously. 
Only three of these have developed skin lesions, and they were inoculated with or- 
ganisms which had been subjected to passage through chick embryos (Geiman, 1940) . 
The lesions consisted of indurated nodules which w^ere first noticed at the injection 
sites 55, 74, and 90 days after inoculation. The nodules gradually increased in size 
to a diameter of 5-7 mm. The overlying skin has remained intact, and the lesions 
have failed to ulcerate. The lesions have persisted in tw’O of these animals for 
eleven months, at which time the parasites could still be recovered in smears and 
cultures. There has been no apparent effect on the general w^ell-being of the animals. 
The third positive animal died of unknowm cause eight months after inoculation, and, 
owing to an accident, no autopsy was performed. 

Ten Texas ground squirrels have received series of four intraperitoneal injec- 
tions of culture material at short intervals. No evidence of infection has been found 
in these ten animals during life or at autopsy. Five of these squirrels, subsequent 
to their series of intraperitoneal injections, received subcutaneous injections of the 
same strain wdth which they had -been injected iiitraperitoneally, but no lesions de- 
veloped, A sixth squirrel, however, was injected subcutaneously with a strain 
different from that used for intraperitoneal injection. A nodular cutaneous lesion 
was first noticed 97 days later at the site of injection. This has persisted as a small 
nodule during the ensuing eight months, with no signs of ulceration or regression, 
and organisms have been recovered at intervals. 

Subcutaneous injections of culture material were given to eight normal Texas 
ground squirrels, and all eight animals developed nodular skin lesions after periods 
ranging from 21 to 44 days. In every case the organisms have been recovered in 
smears and cultures. The nodules have subsequently ulcerated, and have persisted 
in the latter form for more than 11 months in some cases. Serial passage to other 
ground squirrels and to hamsters has been effected, with production of cutaneous 
lesions. Thus Koch’s postulates have been fulfilled. 

A red squirrel, Sciuriis htidsonicus loguax, was injected subcutaneously wdth 
culture material, but this animal died of unknown cause tw^o wrecks later. 
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Two gray squirrels, Sciiinis carolinensis leucotis, and one chipmunk, Tamias 
sfriafus lysteri, Mve developed nodular skin lesions following subcutaneous injection. 
The two squirrels were killed and autopsied soon after the nodules had begun to 
develop. The lesion of the chipmunk regressed after three months without under" 
going ulceration. The organisms were recovered from each animal. 

The pathology of experimental South American cutaneous leishmaniasis in 
squirrels has been studied. It is similar to the reaction produced in human beings, 
consisting of an accumulation of mononuclear i^hagocytes containing the parasites. 
An indurated papule is formed after an incubation i)eriod of about three to eight 
weeks. This increases in size and may ulcerate. A notable difference, however, lies 
in the observation that the ulcerated lesions of the squirrels remain remarkably free 
from evidence of secondary bacterial invasion, which is quite common in the human 
skin lesions. Furthermore, we have not observed invasion of the nasopharynx in 
squirrels. 

The results of tlie ])resent study suggest the usefulness of ground squirrels in 
the investigation of South American cutaneous leishmaniasis. Further work is in 
progress at the present time, and special attention is being directed toward the 
j)athology and immunology of the disease. — H. S, Fuller and Q. M. Gfuman, 
of Comparative Pathology and Tropical Aledicinc, Schools of Medicine 
and Public Health, E/arvard Cnirersity. 

HELIMIXTHS FROM THE NORWAY RAT IN NORTHEASTERN OHIO 

In the winter and spring of 1940-41 a survey was made of helminthic parasites 
harbored by Norway rats, Rattus norvegiciis, in the vicinity of Kent, Portage 
County, in northeastern Ohio. From twelve different locations, including markets, 
homes, dumps, barns, slaugliter houses, and warehouses, 50 rats were trapped alive 
and then chloroformed for examination. Identification was confirmed on preserved 
adult worms with the assistance of the keys of Yorke and Maplestone (1926, 
Nematode Parasites of Vertebrates) for the nematodes, and of Meggitt and 
Subramanian (1924, Burma Res. Soc. 17: 190-237) for the tapeworms. 

Flelminths were found in 49, or 98% of the rats examined, representing three 
species of cestodes and four of nematodes : Hymenolepis nana (Siebold, 18.S2) in 26% ; 
H. diminuta (Rudolphi, 1808) in 28%; the larval form Cysticcrciis fasciolaris (Ru- 
dolphi, 1808) in 10%; Tricliosomoidcs crassicanda (Bellingham, 1840) in 42%; 
Nippostrongylus muris ( Yokogawa, 1920) in 4% ; Gangulctcrakis spumosa (Schnei- 
der, 1866) in 42% ; and Syphacia obvelata (Rudolphi, 1802) in 4% of the rats 
examined. 

The number of specimens per rat of PL nana varied from 1 to 12 ; of H. diminuta 
from 1 to 4 ; of C. fasciolaris 1 and 2 ; of T. crassicanda from 2 to 20, averaging 7.3 ; 
of Ak muris 8 and 20 ; of G. spumosa from 1 to 58, averaging 15. For G. spumosa 
the ratio of males to females was 2.7 : 1.7; 57% of the ‘specimens were in the colon, 
and 43% in the cecum, with one specimen aberrant in the kidney of one rat and one 
in the spleen of another. Of the two cases of S. obvelata, one rat had 58 females and 
2 males, and the second rat two females only in the colon. 

Multiple infections were common, one rat harboring five of the seven species 
found, lacking only N. muris and S. obvelata; in three rats four species were found, 
in two of which were H. nana, IP. diminuta, T. crassicanda, and G. spumosa, and in 
the third, H. nana, T. crassicanda, G. spumosa, and S. obvelata; in four rats three 
species were found, in different combinations including the species found except N. 
muris; of twenty-one rats harboring two species, six had H. diminuta and G. 
spumosa, and five had H. nana and T. crassicanda ; and in nineteen rats only one 
species was found, in nine of which it was G, spumosa. — William C. Fordes, Rent 
State University, Kent, Ohio. 

THE LIFE CYCLE OF THE TREMATODE ECHINOSTORPUM 
CALLAWAYENSIS BARKER 

Considerable numbers of echinostome metacercariae, averaging 0.13 mm in 
diameter, were found encysted in specimens of Planaria being prepared for whole 
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mounts. When fed to laboratorj' rats these mctacercariae developed in 13 days into 
mature trematodes identified as Echinoslonium callaivaycnsis Barker (1915, J. 
Parasitol. 1: 184-197), described originally from material obtained from the in- 
testine of the muskrat. The only essential difference between Barker’s specimens 
and those reared in rats was in the presence of fewer eggs in the latter. 

The first intermediate host proved to be the snail Physa gyruia. Naturally 
infected snails, and also Planaria, were obtained from a lake in Ramsey County, 
Afinnesota, where muskrats are abundant. Rcdiae were found to be of the 
echinostome type having a short gut and producing cercariae with two rows of about 
45 spines. The body of the cercaria measures about 0.30 mm long by 0.18 mm wade, 
the suckers are .subequal, 0.050 to 0.055 mm in diameter, and the tail is approximately 
0.32 mm long. 

Cercariae are shed in the evening and live for about 24 hours in laboratory con- 
tainers. When they come in contact with Planaria they actively crawl over the 
surface of the animal, constantly trying the surface. Penetration requires several 
hours and was repeatedly brought about on uninfected hosts. When fed to rats the 
cysts produced mature flukes. Tadpoles and guppies could not be infected wdth the 
metacercariae. 

Aid in the study of the metacercaria was given by Eugene Breault, a student. 
Details of the life cycle will be published in a subsequent paper. — Ralph W. AIacy, 
College of St. Thomas, Sf. Paul, Minnesota. 


AMERICAN SOCIETY OF PARASITOLOGISTS 

PRELIMINARY ANNOUNCEMENT OF THE EIGHTEENTPI 
ANNUAL MEETING 

Monday, Tuesday, and Wednesday, December 28-30, 1942 
New York, New York 

In accordance with the action of the Council, the American Society of Para- 
sitologists will convene for a three-day program in conjunction with the meeting of 
the American Association for the Advancement of Science in New York, New York. 
The Commodore Hotel has been designated as official headquarters of the Society. 
The regular meetings will be held in Hunter College, 68th Street and Park Avenue, 
New York. 

The program will be arranged in the same manner as in previous years, with all 
of the first and third days devoted to contributed papers. The address of the re- 
tiring president, Dr. Henry E. Meleney on the subject, ‘The Role of Parasitologists 
in the Second World War,” will be delivered at the conclusion of the morning session 
of the second day. The annual luncheon and business meeting will follow the presi- 
dential address, and the demonstration program and tea will be held in the afternoon. 
The demonstration-tea is planned to serve both as a scientific program and as a social 
function, and to supply the opportunity for informal discussion that is not possible at 
the regular scientific sessions. 

The call for papers has already been sent to members of the Society. In order 
that the abstracts be published and mailed to the membership before the meetings, 
it is necessary that they be received in the office of the secretary not later than 
October 17, 1942. Members are hereby reminded of this date, and are requested to be 
prompt in the submission of papers for the program. 

James T. Culbertson, Secretary 
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PROGRAM AND ABSTRACTS OF THE EIGPITEENTPI 
ANNUAL MEETING OF THE AMERICAN 
SOCIETY OF PARASITOLOGISTS 


NEW YORK, NEW YORK 
DECEMBER 28, 29, and 30, 1942 
PROGRAM^ 


Monday Afternoon Session, December 28, 2:00 P.M.; Room 919, 

HuNTEii College, 695 Park Avenue. 

Read 

1. Development of the Metacercariae of Diplostomum flexicandimi in 
the Lenses of Frogs, Turtles, Birds, and Mammals. (15 min) (Lan- 
tern) M. S. Ferguson, Rockefeller Institute for Medical Research. 

2. The Occurrence of Cercarxa claitsn Monticelli, a Marine Ratten- 
konig Cercaria, on the West Coast of Florida. (12 min) (Lantern) 
(Also by demonstration) Raymond M. Cable, Purdue University, and 
Richard A. McLean, Academy of Natural Sciences of Philadelphia. 

3. The Life C3Tle of Zoogonoides laevis Linton, 1940. (10 min) 

(Lantern) Horace W. Stunkard, New York University. 

4. The Dorso-Ventral Axis in Taenia pisijoxnnis, (10 min) (Lan- 
tern) Justus F. Mueller, New York State College of Forestry. 

5. S.tempelUa moniesi n. sp., a Microsporidian (Protozoa; Sporozoa) 
Parasite of Cestodes. ( 10 min) (Lantern) Arthur W. Jones, Uni- 
versity of Virginia. 

6. Intestinal Parasitic Infections in a State Mental Hospital, and Con- 
trol with Aluminum Hydroxide and Colloidal Kaolin. (10 min) Her- 
man A. Shelanski, W. L. Pious and Jess H. Frank, University o£ 
Pennsylvana and the Philadelphia State Hospital. 

7. Anaerobiosis and Cholesterol as Growth Requirements of End- 
amoeba histolytica. (15 min) (Lantern) Thomas L. Snyder and 
Henry E. Meleney, New" York University. 

^ An alphabetical author index will be found at the end of this program, follow- 
ing which is the program (without abstracts) of a Symposium on Tropical Diseases. 

Extra copies of this Supplement, and portraits of parasitologists, will be on sale 
at the meeting. 
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8. Studies on Reducing Substances and Gas Formation in Cultures of 
Endainocba histolytica and a Single Species of Symbiotic Bacteria. ( 10 
min) (Lantern) Theodor von Brand, Charles W. Rees, Leon 
Jacobs and Lucy V. Reardon, National Institute of Health. 

9. Morphological Characters of the Trichomonad Flagellates of Man. 

(15 min) (Lantern) David H. Wenrich, University of Pennsvl- 
vania. ' 

10 . Trichomonas vaginalis mThsntCultnv&s. (15 min) (Motion 
pictuie) M. J. Hogue, University of Pennsylvania. 

n. Report on the Journal OF Parasitology. (15 min) Norman 
R. StolLj, CJiciimicinj Editorial Conimittee. 

By Title 

12. The Life Cycles of Three Dermatitis-Producing Cercariae (Tre- 
matoda; Schistosomatidae) . Donald B. McMullen, Michigan Stream 
Control Commission and University of Oklahoma, and Paul C. Beaver, 
Michigan Stream Control. Commission. 

13. Methods of Investigation on the Life Cycles of Avian Schisto- 
somes. Paul C. Beaver, Michigan Stream Control Commission and 
Georgia Department of Public Health, and Donald B. McMullen, 
Michigan Stream Control Commission and University of Oklahoma. 

,.h' Cercariae of the Common Mud-flat Snail, Cerithidea 

cahfonuca. II. General Infection Data. Wanda Sanborn Hunter 
Cniversity ot California at Los Angeles. 

, . , Tyonomic Value of the Tooth Formula of Xironodrilus (Bran- 

chiobdelhdae) . Clarence J. Goodnight, University of Illinois. 

16. Hydrogen-Ion Concentration of Amoebic Ulcers. Cordon H 
Ball, University of California at Los Angeles. 

• T' Survival of Culture Trichomonas tena.v (buccalis) 

m Man^ Robert M. Stabler, University of Pennsylvania, and L G 

Beo, Jefferson Medical College Hospital. 

18. Inoculations of Trichomonas joetus (Protozoa) in Guinea Pi<^s 
Banner Bill Morgan, University of Wisconsin. ' 

Tukday Morning Session, December 29, 9:30 A.M.; Room 919 
Hunter College, 695 Park Avenue. 


i^. u-xoerytnrocytic Schizogony in a New Species of Saurian Phn- 

Zf'n .(‘2.”’“') E. Thompson „„ Clav G 

Huff, University of Chicago. 

Species of Therapeutic 

Malaiia. (10 mm) (Lantern) Martin D. Young. United 



Public Health Service, Sol B. McLendon,, and Roy G. Smarr, South 
Carolina State Hospital. 

21. The Mechanism of Quinine Action in Malaria. (15 min) (Lan- 
tern) Emanuel Waletzky and Harold W. Brown, University of 
North Carolina. 

22. The Influence of Biotin upon Susceptibility to Malaria. (15 
min) (Lantern) William Tracer^ Rockefeller Institute for Medical 
Research. 

23. The Coccidial Natui’e of '‘Avian Toxoplasma.'' (15 min) 
Frederick Coulston, University of Chicago. 

24. Maintenance of Human Toxoplasma in Chicken Embryos. (10 
min) (Lantern) Fruma Wolfson, Johns Hopkins University. 

25. Minimum Heat Treatment Required for the Destruction of Trich- 
inae in Pork Scraps in Garbage. (10 min) (Lantern) Willard H. 
Wright and John Bozicevich, National Institute of Health. 


Tuesday Morning, December 29, 11:00 A.M. ; Room 919, Hunter 
College, 695 Park Avenue. 


Presidential Address 

26. The Role of Parasitologists in World War 11. Henry E. 
Meleney, New York University College of Medicine. 


Tuesday, December 29. 

12: 30 P.M. Parasitologists’ Luncheon, Hunter College. 
1 : 30 P.M. Annual Business Meeting. 


Tuesday Afternoon Session, December 29, 3:00 P.M.; Room 801, 
Hunter College, 695 Park Avenue. (Tea will be served.) 


By Demonstration 

2. The Occurrence of Cere aria clatisii Monticelli, a Marine Ratten- 
konig Cercaria, on the West Coast of Florida. (Also read) Raymond 
M. Cable, Purdue University, and Richard A. McLean, Academy of 
Natural Sciences of Philadelphia, 

27. The Effect of Long Ultraviolet and Near Visible Radiation on the 
Eggs of the Nematodes, Enterobiiis vermicidaris sxid Ascaris lumbri- 
coides. Myrna F. Jones and Alexander Hollaender, National In- 
stitute of Health. 

28. Phyllodistomiim efheostomae n. sp. (Trematoda: Gorgoderidae) 
from Percid Fishes. Jacob H. Fischthal, University of Michigan. 

36. Some Preliminary Experiments on a Skin Test for Immunity to 
the Stomach Worm, Haemonchns contort us, in the Calf. (Also read) 
Roy L. Mayhew, Louisiana State University. 
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65. African Sleeping Sickness. (30 min) (Lantern; motion pic- 
ture) Eugene R. Kellersbergee/ American Mission to Lepers, New 
York (4: 00 P.M., Room 919, Hunter College) (By invitation). 

Wednesday Morning Session, December 30, 9; 30 A.M.; Room 919, 
Hunter College, 695 Park Avenue. 

Read 

29 . Increased Mortality in Rats with Concomitant Dual Infections. 
(10 min) Graeme A. Canning and J. M. Fisher, University of Ten- 
nessee. 

30. The Effect of Dry-Heating the Ration on Oocyst Production in 
Eimeria nieschulsi Infections. (12 min) (Lantern) Elery R. 
Becker, Iowa State College. 

31. Effect of X-Irradiation upon the Resistance of Rats to Trypano- 
soma Iczvm. (10 min) (Lantern) Dorothy N. Naiman, Hunter 
College, and Columbia University. 

32. Number of Larvae and Time Required to Produce Active Im- 
munity in Rats against Trichne/la spiralis. (10 min) (Lantern) Jacob 
H. Fischthal, State University of Iowa. 

^ 33. Tnchmella Skin Tests in Apparently Normal Individuals. (10 
min)^ . (Lantern) Harry M. Rose and James T. Culbertson, Colum- 
bia University. 

34. Immunological Studies on a Polysaccharide and Protein Frac- 
tion Isolated from Trichinella spiralis. (IS min) (Lantern) Leo R. 
Melcher, University of Chicago. (Introduced by Clay G. Huff.) 

35. Active Immunization of Sheep against Large Single Test Infec- 
tions of Haemonchns contortus. (15 min) (Lantern) Norman R. 

Stoll, Rockefeller Institute for Medical Research. 

36. Some Preliminary Experiments on a Skin Test for Immunity to 
the Stomach Worm, Haemonchns contortus, in the Calf. (15 min) 

(Lantern) (Also by demonstration) Roy L. Mayhew, Louisiana 
State University, 

37. Acquired Resistance to the Gapeworm, Syngamus trachea, in the 
Turkey and _ Ring-Necked Pheasant. (12 min) (Lantern) Louis 
Olivier, United States Bureau of Animal Industry. 

38. Skin Tests in Schistosomiasis Mansoni Patients with Antigen 
trom Pnemnoneces mediople.vns. (5 min) (Lantern) James T. Cul- 
BERTSON AND Harry M. Rose, Columbia University. 

39. Resistance to Ascaris Imnbricoides L. in Guinea Pigs and the 
Eosinophilia Associated with Infection. (15 min) (Lantern) A 

Murray Fallis^ Ontario Research Foundation. 
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By Title 


40. The Relation of Splenectomy and the Resistance of Old Mice to 
the Mouse Cestode,; Hymenolepis nana var. fraterna, John E. Larsh, 
Jr.,, Johns Hopkins University. 

41. The Effect of Ascaris suitm Extract Injections upon Chickens In- 
fected with Ascaridia Uneata. L. L. Eisenbrandt,, University of Kansas 
City. 

42. Effects of the Nematode, Trichostrongyliis coliibrljormis, on the 
Nutrition of Lambs. John S. Andrews, W. R. Kauffman, and R. E. 
Davis, United States Bureau of Animal Industry. 

43. Symptoms and Immunity Following Graduated Doses of Eimeria 
tenella. Harry A. Jankiewicz, University of Southern California. 

44- Studies on Susceptibility of Chickens to Cecal Coccidiosis. C. ik. 
Herrick and S. A. Edgar, University of Wisconsin. 


Wednesday Afternoon Session, December 30, 2 : 00 P.M. ; Room 919, 
Hunter College, 695 Park Avenue. 


Read 

45. The Magnitude of the Hookwurni Problem in a Typical County 
of Southern Georgia. (12 min) (Lantern) J. Allen Scott and Jus- 
tin Andrews, Georgia Department of Public Health. 

46. Use of Calcium Chloride to Isolate Helminth Ova from Soil. 
(10 min) Robert T. Stevenson, University of Wisconsin. (Intro- 
duced by C. A. Herrick.) 

47. Phenothiazine in the Treatment of Enterobiasis. (10 min) 
Ella Kuitunen, University of Toronto. (Introduced by A. Murray 
Fallis.) 

48. The Efficacy of Phenothiazine and Nicotine-Bentonite for the 
Removal of Heterakis gallinae and Ascaridia galli from Chickens. (15 
min) (Lantern) James E. Guthrie and Paul D. Harwuod, Dr. 
Hess and Clark Laboratories. 

49. Observation on the Life History of a Rabbit Cuterebrid, the Lar- 
vae of Which May Penetrate the Human Skin. (12 min) (Lantern) 
Raymond H. Beamer, University of Kansas, and Lawrence R. Pen- 
ner. University of Connecticut. 

50. On the Structure of So-Called ''Stigmata” of Larval Ticks. (5 
min) (Lantern) Harold Elishewitz, University of Minnesota. 

51. The Taxononiy of the Pathogenic Rickettsiae. ( 10 min) (Lan- 
tern) Cornelius B. Philip, Army Medical School. 

52. Age as a Factor in the Resistance of Splenectomized Rats to In- 
fection with Bartonella muris. (10 min) (Lantern) Walter R. 
Kessler, Columbia University, and College of the City of New York. 
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53. The Pathogenicity of Three Strains of Trichinella spiralis as In- 
dicated by Lethal Dose and Survival Time. (15 min) (Lantern) 
Irving Rappaport, Cornell University. 

54. Tests for a Hemolytic Substance in C/;ai>prifM oOTwa. ■ (15 min) 

(Lantern) W. L. Threlkeld, Virginia Agricultural Experiment Sta- 
tion. 

55. Factors Influencing the Oxygen Consumption of a Larval 
Eustrongyhdes. (10 min) (Lantern) Theodor von Brand, Catho- 
lic University of America. 

By Title 

_ d6. Survival on Soil of Oocysts of Two Species of Swine Coccidia, 
Miena debliecki and E. scabra. John Lawrence Avery, United States 
Bureau ot Animal Industry. 

nf n- Low Temperatures on the Sporulation 

TTnh° r Coccidia. John Lawrence Avery, 

United States Bureau of Animal Industry. 

^^^ocestoides variabUis Mueller, 
1928, from Didelphis virgxmana Kerr. Elon E. Byrd, University of 

Georgia, AND James W. Ward, Mississippi State College.' 

.. the Bird Fluke, 

University of Georgia, and” James 'w 
Ward, Mississippi State College James w. 

W (Amphibia :Ap„.a). A. C 

(Amphibia : Cauda, a). 

A. C K„t“co14' (A"'I>“»- ■■ Caudam). 

Host! *' I"te,m«diate 

Hosts of Schistosoxm mansom in Venezuela. II. George W Luttfr 
MOSER, Instituto Nacional de Higiene, Caracas. Venezuela 

todn q -f Development of Rhabdochona spp. (xVema- 

toda . Spiruroidea). Paul V. Gustafson, Whitworth College. 

By Invitation 

turef ■ Eu™ (Lantern; motion pic- 

Ynrk rf r n American Mission to Lepers, New 

York (Tuesday, December 29, 4: 00 P.M.; Room 919, Hunter Colle<.e ) 
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Showing program number, which is also the abstract number of each paper. 
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ABSTRi\CTS 

AMERICAN SOCIETY OF PARASITOLOGISTS’ PROGRAM 

1. Development of the Metacercariae of Diplostomum Bexicaudum m the Lenses 
of Frogs, Turtles, Birds, and Mammals. M. S. Ferguson, Rockefeller Institute for 
Medical Research. 

Frog tadpoles, frogs, turtles, chicks, ducklings, and laboratory white mice, rats, 
guinea pigs, and rabbits were exposed to the cercariae of the strigeid trematode Diplo- 
stonium flexkauduni. The cercariae were able to penetrate the eye and grow in the 
lenses of every species. The metacercariae which developed were normal in appear- 
ance and behavior and were similar to those found in the eyes of fishes, the normal 
intermediate hosts. There was usually a considerable variation in size among meta- 
cercariae from each particular lens as well as among metacercariae from the eyes of 
different species of animals. Similar size variations were found in metacercariae 
from the eyes of fishes. Metacercariae from the lenses of a frog and a guinea pig 
were infective for baby chicks, and normal adult trematodes with eggs were recovered 
from them after one week. Blindness was caused in many of the infected eyes. Initial 
damage resulted in an opacity of the cortex and nucleus of the lens. In some cases 
the cortical substance later became partially liquified. Diseased lenses usually were 
evident earlier, and due to fewer larval trematodes, in the warm-blooded animals than 
in the cold-blooded ones. Certain experiments and an apparent complete lack of rec- 
ords in medical literature suggest that the possibility of these metacercariae causing 
disease in man is rather remote. However, it remains to be proved that such a danger 
does not exist. 

2. The Occurrence of Cercaria clausii MonticelU, a Marine Ratfenkonig Cer- 
caria, on the West Coast of Florida. Raymond M. Cable, Purdue University, and 
Richard A. McLean, Academy of Natural Sciences of Philadelphia. 

A marine rattenkonig cercaria has been found to parasitize a species of LameU 
laria collected near Captiva Island, Florida. This larva agrees in all essential re- 
spects with Cercaria clausii, the only known marine larval trematode of this type and 
hitherto reported only from the Adriatic region. The cercariae develop in simple 
daughter rediae in the digestive gland of the snail. Very small mother rediae in the 
mantle produce daughter rediae one at a time. There is no indication of rosette 
formation within the daughter redia; the cercariae develop singly just as do other 
species. Since there are many fundamental differences between C. clausii 2 nd C. 
gorgonocephala, the only known species of freshwater rattenkonig cercaria, it ap- 
pears that rosette formation may not indicate close affinities but instead a larval 
adaptation that may arise independently in distantly related groups. The discovery 
of a pharynx in C. clausii removes the possibility that this species is the larva of 
Phyllodistomum acceptum, 2 . marine gorgoderid, as claimed by Odhner, C. clausii 
possesses several characters in common with the trichocercous cercariae, viz., eye- 
spots, a well-developed ventral sucker, a sac-shaped, thick-walled excretory bladder, 
and hair-like processes on the tail. For this reason, the adult stage probably should 
be sought among fish parasites belonging to the family Lepocreadiidae or the closely 
related family Gyliauchenidae. 

3. The Life Cycle of Zoogonoides laevis Linton, 1940. Horace W. Stunk ard. 
New York- University. 

Sexually mature specimens of Zoogonoides laevis occur regularly and abun- 
dantly in the intestine of Tautoga onitis. Eggs in the uterus have membranous 
coverings but no shells, and when passed they contain active miracidia. The jarvae 
emerge almost immediately in sea water and Mitre lla hmata serves as the first inter- 
mediate host. There are at least two generations of sporocysts, the last of which 
produces cercariae. The cercariae are terete, tailless, with spined cuticula, simple 
stylet, anterior setiferous papillae, acetabulum slightly larger than oral sucker, 
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numerous penetration and cystogenous glands. The flame cell pattern is [ (2 + 2) + 
(2 f-2)J. Snails were infected in the laboratory and at the end of seven weeks, 
although they contained young cercariae, they had not yet produced mature cercariae 
which could be used to complete the cycle. But cercariae from naturally infected 
snails encysted readily in Nereis virens. Nereis exposed to cercariae for two weeks 
were fed to tautogs which had been isolated for seven weeks. The fishes were 
dissected two days later and many young Z. laevis were recovered. These small 
specimens were clearly distinguishable from larger specimens of natural infection 
which w-ere present in the intestine of the fish when they were caught. 

4. The Dorso-Ventral A,ris in Taenia pisiformis, Justus F. Mueller, New- 
York State College of Forestry. 

It is generally stated in standard reference works that one entire surface of the 
cestode strobila may be considered ventral, the other dorsal, and that the ovary lies 
nearest the ventral surface. In the taenias two pairs of longitudinal excretory 
vessels occur. The two larger excretory vessels, connected near the posterior margin 
of each proglottid, are usually designated as the ventral excretory vessels. The 
smaller vessels, without transverse connections, are usually designated as dorsal. 
In a restudy of the anatomy oi Taenia pisijormis from the dog it was discovered 
that these relationships are inconstant. Using the ovary to determine orientation, in 
few’^ proglottids do the large excretory trunks lie ventrally. The most frequent 
condition is with the large canal ventral to the small canal on one margin, dorsal to 
it on the other, with the transverse connections passing diagonally. In other cases 
both small vessels lie ventral in position, the large canals dorsal. In certain instances 
the ovary reverses its position with reference to the surfaces of the strobila in 
adjacent proglottids, thus reversing the dor so- ventral axis. It is clear, therefore, 
that neither the relationship of the excretory canals to each other, nor the orientation 
of the dorso- ventral axis is constant throughout the length of the strobila. Nor can 
any character be found that bears any constant relationship to one surface or the 
other. It is impossible, therefore, in T. pisiformis at least, to differentiate between 
the two surfaces of the strobila, or to designate either surface as dorsal or ventral. 

5. Stempellia moniezi n. sp., a Microsporidian {Protozoa: Sporosoa) Parasite of 
Cestodes. Arthur W. Jones, University of Virginia. 

In two cestodes, Hymenolepis anfhocephalus Van Gundy, 1936, and Diorchis 
reymoldsi (description in press), taken in 1941 from the intestine of the shrew, 
Blarina brevicauda Say, 1823, a protozoan parasite was found. The previous reports 
of protozoa from the cestodes were made prior to 1900, and are not sufficiently de- 
tailed to classify properly any of the reported forms. In recognition, however, that 
Moniez (1887) gave the first name and description (although inadequate) to a 
protozoan parasite of cestodes, the new species is named in his honor. 

The protozoon infects the parenchyma of its cestode host, lying chiefly near the 
excretory ducts. Its spores, of general size 4.0~S.0 micra by i.5-2.0 micra, are thin- 
walled, subcylindrical. They develop singly or in groups of two, four, and eight, from 
a single sporoblast ; a size gradation is evident, the spores of a group of eight being 
the smallest, as is characteristic of the genus Stempellia Leger et Hesse, 1922, (of the 
Family Nosematidae Labbe, 1899, Order Microsporidia Balbiana, 1882) , according 
to Kudo (1924). It is suggested that the infection of cestodes is accidental, and that 
the normal host of this protozoon may be, as is usual in the Nosematidae, a larval 
insect. 

6. ^ Intestinal Parasitic Infections in a State xMental Hospital, and Control zmth 
Aluminum Hydroxide and Colloidal Kaolin. Herman A. Shelanski, W. L. 
Pious and Jess H. Frank, University of Pennsylvania and the Philadelphia State 
Hospital. 

In a routine study of the bloods of several hundred patients at the Philadelphia 
State Hospital it was found that an unusually high number of patients showed a 


ABSTRACTS 


11 


markedly high eosinophilia, a sign indicative of infection of a parasitic nature. It 
was then decided to make fecal examinations of the patients showing this high 
eosinophilia in order to determine whether or not there was present any gastro- 
intestinal infection. 

After fecal examination was made it was found that all of the patients who 
showed a markedly high eosinophilia were infected with one or more species of 
parasites. The following types of infection were found: Trichuris trichiura, Oxyuris 
vermicularis, Ascaris Imnbricoides, Strongyloides sterc oralis, Hymenolepis mna, 
Endamoeba histolytica, Endamoeba coli, Endolimax nana, lodamoeba biltschlii, Di- 
entamoeba fragilis, Retortamonas hominis, Chilomasfix mesnili, Giardia lamblia, 
and Trichomonas intestinalis. 

A suspension of aluminum hydroxide and colloidal kaolin was used in these 
cases to rid them of these infections. The patients were given three one-ounce doses 
daily. This medication was continued for a period of three to four weeks with 
examinations being made at weekly intervals during this period. At the end of this 
time fecal examinations made every week for a period of four to eight weeks showed 
that most of these cases were free of parasites. The only organism which persisted 
was T richnris trichiura, since on repeated examination ova of this parasite were 
found in the feces. 

7. Anaerobiosis and Cholesterol as Groivth Requirements of Endamoeba histo- 
lytica. Thomas L. Snyder and Henry E. Meleney, New York University. 

A study of the growth requirements of Endamoeba histolytica is being con- 
ducted with cultures of the motile amoebae containing bacteria. A fluid medium 
consisting of a saline infusion of coagulated whole egg produced satisfactory growth 
under aerobic conditions and w^as used as a basis for studying individual require- 
ments. Since excystation in sterile media occurred only under anaerobic conditions 
it seemed advisable to study the motile amoebae under similar conditions. Succes- 
sive anaerobic transplants to sterile egg infusion medium were unsuccessful, appar- 
ently because of a decrease in the bacterial flora. They were successful, however, 
when the medium was seeded with the original bacterial flora and incubated aerobi- 
cally fo*” 24 hours prior to transplanting the amoebae for anaerobic cultivation. 
Subsequently it was found that a reducing agent (cysteine) could be substituted for 
the additional bacteria thus furnished, and that peptone in Ringer’s solution plus 
cholesterol (1 part per million) could be substituted for the fluid portion of the 
culture. Rice starch was necessary in all anaerobic cultures. Exposure of anaerobic 
cultures to air for approximately one hour caused death of the amoebae, thus con- 
firming their strict anaerobic requirements. The anaerobic amoeba cultures in this, 
peptone-Ringer-cholesterol-cysteine-starch medium contain a diminished bacterial 
flora which furnishes some undiscovered substance or condition necessary for the 
cultivation of E. histolytica. This flora has been further simplified by obtaining a 
successful anaerobic amoeba culture from bacteria-free cysts with a single species of 
anaerobic bacillus recovered from the original amoeba culture. 

8. Studies on Reducing Substances and Gas Formation in Cultures of Enda- 
moeba histolytica and a Single Species of Symbiotic Bacteria. Theodor von Brand, 
Charles W. Rees, Leon Jacobs and Lucy V. Reardon, National Institute of 
Health. 

Using the micro-method of Hagedorn and Jensen, it was found that the raw 
egg emulsion of the L.E.S. medium contains 278 to 312 mgm per cent of reducing 
substances. In tubes, diffusion of these substances from the egg slant to the saline 
overlay takes place over a period of a week, with a final concentration in the liquid 
of about 50 mgm per cent,* diffusion in flasks is much more rapid. In media to 
which glucose in amounts up to 300 mgm per cent was added to the overlay, the 
diffusion was less rapid and of less degree. In cultures of Endamoeba histolytica 
grown with a single bacterial symbiont and in cultures of the symbiont alone, to 
neither of which glucose was added, the reducing substances were almost completely 
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utilized, leaving- only 7 to 19 per cent after 24 hours. In media with glucose in the 
overlay, most of the sugar was utilized in 24 to 48 hours. No differences could be 
detected in utilization of reducing substances in cultures of the amoeba and the 
bactenum or in cultures of the bacterium alone. In the presence of glucose, gas was 
produced in like amount and composition in cultures of the bacterium alone and in 
cultures of the amoeba plus the bacterium. The predominant constituent was hydro- 
gen (/ai to /4.7 per cent), indicating an anaerobic metabolism. The other gases 

per «nt), 0« (0.3 to 1.3 per cent),.N= (5.9 to 14.1 per cent), 
and Cxi,! ((J.2 to 1.3 per cent). 

9 Morphological Characters of the Trichomonad Flagellates of Man. David 
H. W ENRICH, University of Pennsylvania. 

- Trichomonas vaginalis Donne, largest of the trichomonads of man, has 4 
antei lor flagella ; costa and undulating membrane are one-third to two-thirds of the 
body length ; marginal filament is double ; there is no trailing flagellum. Parabasal 
pparatus consists ot a long parabasal fibril and a shorter, sausage-shaped parabasal 
o y a s lorter, additional parabasal body is often seen in some populations. The 
relatively slender a.Nostyle may split into 2 or more splinters in larger individuals. 
Nuckus IS usually elongated, with a small endosome. Cytoplasm of stained sped- 
mens generally contains many chromatic granules. 

in rlUUv from the mouth is smaller but similar to T. vaginalis 

‘ anterior flagella, less-than-body-length costa and undu- 

slLifer marg:inal filament, parabasal fibril and parabasal body, and 

in the cytoplasm.' usually rounded. Fewer chromatic granules occur 

antff' (Davaine) from the intestine is intermediate in size; has 4 or 5 

anterior flagella: costa and undulating membrane are body-length ; marginal fila^ 
ment is double; trailing flagellum present; and at least one row of paracostal gran- 
ules; parabasal apparatus not yet identified; axostyle relatively coarser than in two 
above^species. Similar and apparently identical forms occur in monkeys, dogj cats 

T. fecahs Cleveland has 3 long anterior flagella ; body-length costa and undu 
lating membrane; double marginal filament; long trailing flagellum - two or more 

relatively thick, dense and long.’ It is similar 

f not identical to r, (?) from frogs and toads. 

Peniylv^nk!°”°”^' vaginalis i» rW Cultures. M. J. Hogue, University of 

. 1 . ^russell’s pure culture of Trichomonas vaginalis was introduced into tissue 

a"ong tLllt e? fT '"‘T'"®'- trichomonads swarmin^ 

_ oig the cut edges of the embryonic tissues and entering the lumen of nieces of fhl 

intestine. Many individuals clump together to form rosettes Tho fnVi a 

MMch them.el,M with their axottyies to epitheiial celi. a«<t whM abl" rZ)? 

meir axostyles. In feeding over the tissue culture cells they often send out n nrn 
wT « "I*”"® containing the flagella and undulating mLbrane In the 

If plasma granules. They do not mecLuLlt 


Nor.m.vn R. Stoll, Rockefelli 


ABSTRACTS 


13 



sion and University of Oklahoma, and Paul C. Beaver,. Michigan Stream Control 
Commission. 

Adult schistosomes and ova were obtained in experimental animals exposed to 
Cere aria stagnicolae Talbot, Cercaria elvae Miller and Cercaria physellae Talbot. 
The worms reached maturity in birds exposed for 8-25 days to the cercariae in 
drinking water. Experiments indicated, however, that the cercariae can also pene- 
trate the external surface of birds and establish infections. In 25-48 days after 
exposure to C. stagnicolae trematodes belonging to the genus Trichobilharsia 
Skrjabin and Zakharow were recovered from the peripheral veins of the intestine 
of two canaries. Embryonated ova were numerous in the gut. A Caspian tern, 
chickens, domestic ducklings, mallards, and gulls exposed to the cercariae were 
negative. Great numbers of another Trick obilharsia sp. were found in the venous 
plexus of the intestinal mucosa and extending into the villi of two mallards, five 
domestic ducklings, and two canaries exposed to C. elvae. Fully embryonated ova 
appeared about two weeks after exposure. The ducks were much more susceptible 
than the canaries. In experiments with a Caspian tern, pigeons, and chickens, the 
worms failed to mature. Trematodes belonging to the genus Pseiidobilharsia 
Ej smont were recovered in large numbers from the peripheral veins of the intestine 
and the venous plexus of the submucosa in two pigeons, two mallards, and three 
canaries 2-4 weeks after exposure to C. physellae. In one heavily infected canary 
large numbers of ova and 300-400 worms were found in the intestine, liver and 
lungs. A Caspian tern, chickens, domestic ducklings, and gulls exposed to this 
cercaria were negative. 



13. Methods of Investigation on the Life Cycles of Avian Schistosomes. Paul 
C. Beaver, Michigan Stream Control Commission and Georgia Department of Pub- 
lic Health, and Donald B. McMullen, Michigan Stream Control Commission and 
University of Oklahoma. 

The experimental birds were exposed by providing daily fresh suspensions of 
cercariae, Cercaria stagnicolae Talbot, C, physellae TdXhot and C, elvae Miller, in 
the drinking water. Infections were obtained also by immersion in cercarial sus- 
pensions, but in well-feathered hosts the breast and leg feathers were removed. To 
determine the presence of mature infections, to discover light infections at autopsy, 
and to concentrate miracidia for other experiments, fecal samples were emulsified 
in small quantities of water in one-liter, vertical side arm distillation flasks. The 
flasks were then filled to the side arm with tap water, allowed to settle, then com- 
pletely filled by rapidly pouring into the side arm. A paper bag with a hole just 
large enough and at the proper level to accommodate the side arm was placed over 
each flask, leaving the arm exposed to light while the remainder w^as in darkness. 
The miracidia, being negatively geotropic and positively phototropic, were readily 
observed as they collected in the clear water of the side arm. In general the search 
for the adult worms, fixation, and staining were done in the manner described by 
Brackett (1942). It was found that the worms were easier to find and remained 
active for several hours if the vessels were injected with one per cent sodium citrate 
in physiological salt solution immediately after killing the host. This was done by 
using a gravity bottle and injecting from the heart until the blood in the tributaries 
of the mesenteric veins was highly diluted.. 


14. Studies on Cercariae of the Common Mud-flat Snail, Cerithidea californica. 
IL General Infection Data. Wanda Sanborn Hunter, University of California 
at Los Angeles. 

The area chosen for detailed study was Anaheim Slough, located on U. S. High- 
way 101, approximately one mile south of Seal Beach, California. During a 2-year 
period, 3934 Cerithidea californica were brought into the laboratory and detailed 
study of their cercarial fauna made. Percentages of snails shedding apparently 
mature cercariae, those harboring parthenitae and maturing cercariae, and the per- 
centages of total infection were determined. Percentages of total infection were 
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computed by the formula P=- 


pN + S 
T • 


P = total percentage ; p = percentage of infec- 


tion obtained by crushing; N = number of snails negative for shedding when iso- 
lated; S = number of snails shedding; and T = N + S. For the 2-year period, high 
peaks in total infection were found in April and in November. The peaks are 
explained by environmental factors such as temperature (which plays a minor role 
in this region), the daily tides, rainfall, salinity of water, and bird migrations. 

The percentage of infection in the entire catch for all collections was estimated 
as 32.6. However, there was too great a variation from month to month to assume^ 
a constant percentage of infection. Analysis of the type of infection revealed that 
33 ptT cent were pleurolophocercous cercariae, 18 per cent echinostomes, 18 per cent 
xiphidiocercariae, and but 6.5 per cent were furcocercous forms. Correlations 
between the amount of infection found in the aforementioned groups and environ- 
mental factors were made. Five and one-half per cent of the infected snails yielded 
multiple infections. Comparisons were made between Anaheim Slough collections 
and those from 3 other areas in Southern California. 


15. Taxonomic Value of the Tooth Formula u/ Xironodrilus (Branchiobdelii- 
dae), Clarence J. Goodnight, University of Illinois. 

Additional material studied has enabled the writer to evaluate the taxonomic 
importance of the teeth formulae of the genus Xironodrilus. Ellis (1919) while 
studying numerous specimens of X. pulcherritnus Moore found many individuals 
which had a 4~4 to a 5-5 tooth formula rather than the 3-3 of the type. Ellis con- 
sidered these as variations in a single species. Studies by the writer (1940) per- 
suaded him that actually two subspecies were represented: pulcherrinms and 
tatus. Further material has shown these differences to be constant; so that actually 
two species, rather than one variable one had to be considered. A new eastern spe- 
cies encountered exhibited the same tooth formula as X. pidcherrimiis ; however the 
relative size of the teeth differed. Thus the writer has come to the conclusion that 
even in a genus with such variable teeth formulae as Xironodrilus, species differ- 
ences may be recognized by the formula and the relative sizes of the teeth. 


16. Hydrogen-ion Concentration of Amoebic Ulcers. Gordon H. Ball Uni- 
versity of California at Los Angeles. * ’ 

By the use of the capillary glass electrode, it is possible to determine the hydro- 
gen-ioii concentration of amoebic ulcers in live kittens and to compare this reading 
with that of the normal gut wall m the same animal or with that of wounds pro- 
duced mechanically. In any one animal, an amoebic ulcer or a mechanical wound 
in the cecum or the colon shows usually a lower pH than does the uninjured wall 
in the smne region of the gut. However, these readings are not beyond the range 

1 ^ in normal animals. It is 

doubttul if pH differences play a significant role in maintaining Endamoeba histo- 
lytica m an ulcer instead of in the gut lumen. The pH differences between normal 
and mlected tissue disappear rapidly after the death of the animal. 

Cidture Trichomonas tenax (buccalis) w maw. 
College HosphaT^^’ University of Pennsylvania, and L. G. Feo, Jefferson Medical 

Fifty human volunteers (25 positive and 25 negative for Trichomonas vaginalis) 
vvere each given 3 intravagmal implantations of T. tenax from culture. Survivals 
of 48 hours were noted m2 T. vaginahs-TfOsitive patients, and 8 survivals of at least 
thjs length were noted in those free of T. vaginalis. In this latter group S were of 
4b hours, and one each of 72, 168 and 432 hours, respectively. No permanent vao-i 
nal mfection with the oral form resulted. Four showed at least a 4S-hour T temv 

‘y r® 2 after the second, and 2 not until after the 

1 1 rd. In the f. vagmahs-irse patients, T. tena.v was present in sufficient numbers 
to be detected on the wet smear in 3 of the 6 showing survival, while the other 3 
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were proven positive by culture alone. Three patients (1 with and 2 without T. 
vaginalis) were given intravaginal inoculations directly from the mouth of a per- 
son positive for T. tena.v. No survival was noted at 48 hours. It is concluded that 
the failure of the oral trichomonad to permanently establish itself in the human 
vagina after 150 implantations completely supports the morphological studies which 
indicate that the mouth and vaginal forms are two separate species. 

18. Inoculations of Trichomonas foetus {Protozoa) in Guinea Pigs. Banner 
Bill Morgan, University of Wisconsin. 

Sixty-two guinea pigs, divided into 3 groups, were inoculated intraperitoneally 
with: (1) washed Trichomonas foetus suspended in saline with a concentration of 
10 million living organisms per cc; (2) liquid portion of 72-hour T. foetus cultures 
composed of buffered saline-citrate solution with 5- per cent bovine serum in which 
the concentration was approximately 3 million living organisms per cc; and (3) 
sterile trichomonad pyometra material from an infected cow^ with a count of 1.5 million 
living organisms per cc. Only 3 animals became infected. Twenty guinea pigs were 
refractory to subcutaneous injections of T. foetus in pure culture wdiile 12 guinea 
pigs were positive to subcutaneous injections of sterile trichomonad pyometra material 
from an infected cow. The abscesses which were produced remained positive for 
T. foetus up to 42 days. Of thirty guinea pigs inoculated vaginally with sterile 
pyometra material, only 2 animals were positive for 5 days. 

19. Exoerythrocytic Schizogony in a Neva Species of Saurian Plasmodium. 
Paul E. Thompson and Clay G. Huff, University of Chicago. 

A new species of Plasmodium recovered from Mexican lizards (Sceloporus 
ferrariperezi) and maintained in Texas collared lizards (Crotaphyfus collaris), in 
Sceloporus undulatus, and in horned toads (Phrynosoma cornuium) has the 
characteristic of P. elongatum (of birds) of inhabiting blood cell precursors, including 
reticular cells, and also is capable of infecting endothelial cells of the brain. It has, 
therefore, both elongatum and gallinaceum types of exoerythrocytic schizogonic 
stages. This suggests that the various species of malarial parasites may have evolved 
from such a primitive stock and have differentiated into species with different host 
cell preferences. 

20. The Effects of Thio-Bismol upon Three Species of Therapeutic Malaria. 
Martin D. Young, United States Public Health Service, Sol B. McLendon and 
Roy G. Smarr, South Carolina State Hospital. 

Used in induced malaria, 0.1 or 0,2 grams of thio-bismol (sodium bismuth thio- 
glycollate) eliminated the paroxysms caused by broods of Plasmodium vivax para- 
sites which were about one-half grown. The range of effectiveness was from 16 
to 28 hours after the paroxysm. Parasites of other ages vrere not consistently 
affected. Thus it is possible to change the periodicity of paroxysms from quotidian 
to tertian, which is of considerable value to the neurosyphilitic patient undergoing 
malaria therapy. Thio-bismol did not exhibit this selective effect upon induced 
infections of P. malariae and P. falciparum. 

21. The Mechanism of Quinine Action in Malaria. Emanuel Waletzicy and 
Harold W. Brown, University of North Carolina. 

Various quantitative aspects of the relations between quinine, the host, and the 
parasite have been studied for their bearing on the problem of the direct versus the 
indirect action of quinine. The duration of the anti-plasmqdial environment following 
single massive intravenous doses of quinine has been determined. The degree of in- 
hibition of asexual reproduction in Plasmodium lophurae introduced into ducks at 
different intervals following quinine administration served as the criterion of anti- 
plasmodial activity. The anti-plasmodial activity has been correlated with the blood 
and tissue levels of quinine present at similar intervals following single intravenous 
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doses of quinine in the duck. The minimal length of time necessary for in vivo 
action of quinine has also been studied. In this case, the administration of quinine 
was followed by the inoculation of the parasites, which were then withdrawn and 
introduced into clean birds. The in vitro effect of different quinine concentrations, 
acting for similar lengths of time, has been studied and compared with the in vivo 
results. 

22. The Influence of Biotin tipon Susceptibility to Malaria. William Tracer, 
Rockefeller Institute for Medical Research. 

Young ducks and chickens were rendered biotin-deficient by feeding them diets 
containing 25 per cent dried egg white. Control animals were kept on similar diets 
which contained casein in place of the egg white. In some experiments animals were 
fed the high egg white diet plus enough biotin concentrate to provide an excess of 
biotin. After intravenous inoculation with blood infected with the avian malaria 
parasite, Plasmodium lophurae, the biotin-deficient animals regularly developed more 
severe infections than the controls. For example, in one experiment in which the 
chickens were 22 days old when they were inoculated, the peak parasite numbers for 
12 chickens kept on an egg-white diet and showing typical signs of biotin deficiency 
were (per 10,000 red cells) : 5940, 2420, 2100, 1440, 4000, 1660, 1080, 3280, 2940, 2660, 
3680 and 5960, while the peak parasite numbers for the 6 control chickens were : 880, 
1180, 800, 1440, 4000 and 1120. While 9 of the 12 chickens in the egg-white group 
had peaks of over 2000, this was true of only 1 of the 6 chickens in the casein group. 
Pantothenic acid-deficient chickens, although in as poor condition as biotin-deficient 
chickens, showed perhaps somewhat less severe infections than control chickens on 
a complete diet. This result indicates that the more severe infections which developed 
in biotin-deficient animals were specifically associated with the low biotin level of 
the host rather than with any general weakness produced by the biotin deficiency. 

23. The Coccidial Nature of ''Avian Toxoplasma.” Frederick Coulston, Uni- 
versity of Chicago. 

Noller (1920) suggested that certain Toxoplasma of birds could be coccidial 
merozoites. Manwell and Goldstein (1938) demonstrated differences in morphology 
and host infectivity between avian and mammalian types of Toxoplasma. . Celloidin 
sections of tissues fixed in Zenker-formalin and stained by the Maximow method, 
revealed that the so-called Toxoplasma of English sparrows, captured in Syracuse, 
N. Y., was probably the result of a coccidial infection of the intestine having no 
apparent relationship with classical Toxoplasma. Coccidial merozoites were ob- 
served in lymphocytes, monocytes and macrophages. They occurred in large num- 
bers in the intestine, spreading via the blood, in which they were observed, to the 
spleen, liver, lungs, brain and kidney. In these organs, parasites were found 
localized in small areas. 

A detailed study of Toxoplasma (Sabinas strain) in mice disclosed no coccidia- 
like stages. The parasites were observed in lymphocytes, monocytes, macrophages 
(lymphoid-macrophage system), heterophils and in epithelial cells of many organs 
wdiere actual destruction occurred. Classical toxoplasmosis in mice was primarily a 
generalized infection of the subcutaneous tissues while the avian coccidial infection 
was localized. On a coccidial basis, the infection of the sparrow explained many 
problems, especially the inability to transmit the parasite from bird to bird. Mam- 
malian type T 0X0 plasma can be easily given to birds by inoculation. 

True Toxoplasma in birds has been reported in South America and other 
countries but there is no actual record of it in the U. S. A. If a parasite reservoir 
exists in northeastern United States, it is probably in some other animal, such as the 
rat or mouse. Olafson and Monlux (1942) report that sheep, dogs, and cats may be 
naturally infected in New York State. 

24. Maintenance of Human Toxoplasma in Chicken Embryos. Fruma 
WOLFSON, Johns Hopkins University. 
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The strain of Toxoplasma used was the original “BD” strain isolated from a 
child in New York City by Wolfe, Cowen and Paige in 1939. The present summary 
is based on 2 series of chicken eggs, each consisting of (a) 9 consecutive subinocula- 
tions and (b) several successive collateral passages. From 2 to 16 eggs were used 
for each subinoculation. The age of these eggs was from 7 to 13 days. About 20 
organisms per egg were found sufficient to produce the infection ; the actual numbers 
used were up to 200. The suspension in physiological salt solution of Toxoplasma 
obtained from the infected chorio-allantoic membrane of a single egg, was inoculated 
(under the chorio-allantoic membrane) into the succeeding set of eggs. After the 
inoculation, the eggs were reincubated for 7-9 days before the next subinoculation. 

Chicken eggs, which were inoculated with human T oxoplasma, developed 
macroscopic lesions on the chorio-allantoic membranes similar to those previously 
observed (Wolfson, 1941) in duck eggs inoculated with the guinea pig strain of 
Toxoplasma. These lesions appeared about 5 days or later after inoculation, depend- 
ing on the size of the inoculum used. The liver and spleen of the infected embryos 
sometimes were necrotic and contained Toxoplasma. The lungs were also found to 
contain parasites. After seven passages through eggs, Toxoplasma ^ro(\MCt6. 
infections in mice. 

It seems of particular importance to note that Toxoplasma was consistently 
found in the erythrocytes of infected embryos. 


25. Minimum Heat Treatment Required for the Destruction of Trichinae in Pork 
Scraps in Garbage. Willard H. Wright akd John Bozicevich, National In- 
stitute of Health. 

Tests were carried out by introducing into garbage cooked by steam in an open 
tank pieces of trichinous pork varying in dimensions from 1x1x1 inch to 6 x 6 x 4.5 
inches and in weight between 20 and 2,297 grams. In one series the samples w^ere 
held in the tank for respective periods of 10, 15, 20 and 30 minutes after the garbage 
came to a boil. In a second series, the steam was turned off after the garbage had 
boiled for 30 minutes and the samples were removed 60 minutes later. In the first 
series considerable variation was noted in the degree of internal heat reached in the 
pieces of pork and such variation was not always correlated with the size of the 
sample or the length of cooking. The variation was no doubt due to the fact that the 
temperature throughout the mass of garbage was not uniform. In the second series, 
all larvae were killed in all samples with the exception of the largest, which measured 
6x5x4 inches and weighed 2,056 grams. In both series no larvae survived when 
the internal temperature of the sample reached 56° C. It is concluded that the 
boiling of garbage for 30 minutes in an open container will effect destruction of 
trichina larvae in pieces of pork up to 3 inches in thickness and probably in pieces 
of pork of greater thickness provided the garbage is allowed to cool gradually. 

Such procedure would thus prevent the transmission of trichina infection to garbage 
fed hogs. 

26. The Role of Parasitologists in World War II. Henry E. Meleney, New 
York University College of Medicine. 

Presidential address. 

r 

27. The Effect of Long Ultraviolet and Near Visible Radiation on the Eggs of . [ 

the Nematodes, Enterobius vermicularis and Ascaris lumbricoides. Myrna F. f'*' 

Jones and Alexander Hollaender, National Institute of Health. | ' 

Eggs of the nematodes, Enterobius vermicularis and Ascaris lumbricoides, were 
exposed to high intensities of near ultraviolet and short visible radiation in the range ! ' 

of 3500 to 4900 A. No ultraviolet shorter than 3500 A reached the eggs and all infra- / 

red radiation was filtered out. The most intense lines were the 3650 A group of the ; . 

Hg spectrum ; next in intensity was the 4046 A group ; then the 4358 A group and !;■ 

some minor lines. The intensity approximated 7.5x10® ergs/cm^/minute. It was j| 
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similar in intensity to this wavelength range in tropical sunlight. These are wave- 
lengths not absorbed by most colorless window glass. Times of exposure varied 
from 45 minutes to 5 hours. Eggs of E. vermicidaris were in the infective stage * 
effect of irradiation was judged by the subsequent ability of active larvae to hatch in 
artificial gastric juice. Most eggs of A. lumbricoides were irradiated in the one-cell 
stage but some were in a late segmentation stage and a few were embryonated ; effect 
was judged either by ability to complete development or by activity of the vermiform 
embryo. Lethal effects were observed after irradiation with sufficient energy. 
Much more energy was necessary to kill at 3500 to 4900 A than with ultraviolet 
shorter than 3000 A. A delay in development of A. lumbricoides was apparent after 
some exposures. Tests with E, verniiciilarts indicated a temperature factor, increasing 
temperature apparently enhancing the effect of irradiation. These experiments are 
of interest in connection with numerous reports on the effectiveness of sunlight in 
destroying nematode eggs, especially eggs of the various ascarids. 

28. Phyllodistomum etheostomae ? 2 .. .?/>. (Tremafoda: Gorgoderidae) from Per dd 
Fishes, Jacob H. Fischthal, University of Michigan. 

Three of 20 northern greenside darters, Etheostoma b. hlennioides, collected from 
the Huron and Saline Rivers, one of 21 blackside darters, Hadropterus maculatus, 
and one of 23 northern logperch, Percina caprodes semifasciata, collected from Honey 
■Creek, all in Washtenaw County, Michigan, were found to harbor in their urinary 
bladders a total of 6 mature and 2 immature specimens of P. etheostomae. Average 
measurements of 5 mature worms: Body 1.766x0.738 mm; oral sucker 0.258x0.228; 
acetabulum 0.188x0.194; vitellaria 0.138 x 0.082; ovary 0.146x0.139; anterior testis 
0.148x0.122 ; posterior testis 0.178 x 0.129. Posterior portion of body thrown into 
two marginal folds. Intestinal crura end at posterior fourth of body ; lined with a 
-conspicuous layer of cells. Ovary equal to either testis or larger. Uterus intra- 
and extracecal. Eggs 0.031x0.022 mm. Testes irregularly lobate; indentations 
deeper and lobes more numerous than in ovary. The present species most closely 
resembles P. brevicecum and P. pearsei from which it is readily distinguished by 
.several characteristics. 

29. Increased Mortality in Rats with Conco^nitant Dual Infections. Graeme A. 
Canning and John M. Fisher, University of Tennessee. 

In order to establish a measure of the fatality of dual infections over single in- 
fections, sub-lethal doses of Trickinella spiralis were given to white rats and on the 
same day these were inoculated intraperitoneally with a strain of Trypanosoma 
lewisi. Twenty-two rats thus infected along with controls bearing single infections 
showed that dually infected rats freciuentl}'' succumbed to the infection on or about the 
14th day following inoculation with Trypanosoma lewisi and the feeding of Trickinella 
spiralis. 

30. The Effect of Dry-Heating the Ration on Oocyst Production in Eimeria 
iiieschulzi Infections. Elery R. Becker, Iowa State College. 

Dry-heating either the wheat middlings or the crude casein, or half of the crude 
casein, in a ration with but these 2 protein-containing ingredients, significantly re- 
duces the number of oocysts eliminated by rats during Eimeria nieschuM infection. 
Feeding pantothenate to rats receiving dry-heated crude casein in the ration signifi- 
cantly increases the numbers of oocysts eliminated. The substitution of vitamin-free 
casein for dry-heated crude casein produces practically the same effect as dry-heated 
casein on numbers of oocysts eliminated, but the rats do not grow so well. 

31. Effect of X-Irradiation upon the Resistance of Rats to Trypanosoma lewisi 
Dorothy Neuhof Naiman, Hunter College and Columbia University. 

Barton ella-ivQQ albino rats of different ages were used to deterinine whether 
X-irradiation would affect resistance to Trypanosoma lewisi infection. The maxi- 
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mum X-ray dosage which permitted the survival of normal, uninfected rats for 28 
days was previously found to be 300, 400, 500, and 500 r, respectively, for 15-, 25-, 
35-, and 60-day-old rats. Forty-six rats were employed in the critical experiment, 
2 litters being used for each age group. Of each litter, some rats were irradiated 
only, some infected only, and some both irradiated and infected. Within one hour 
of exposure, all rats to be infected received from 10,000 to 150,000 trypanosomes in 
blood-broth suspension, intraperitoneally, all the rats of each age group receiving 
the same dose. The course of the subsequent infection was followed by counting 
the number of trypanosomes in the circulating blood at frequent intervals, in most 
cases on alternate days. Rat weights were recorded and leucocyte counts made at 
the same time, and blood smears were taken for subsequent estimation of the propor- 
tion of dividing parasites. It was found that the peak of the infection was signifi- 
cantly higher and the infection lasted longer in the irradiated members of each series 
than in the control rats. The only deaths which occurred were in the irradiated 
groups. Thus it appears that X-irradiation lowers the resistance of rats to T, lewisi 
infection. 

32. Number of Larzme and Time Required to Produce Active Immunity in Rats 
against Trichinella spiralis. Jacob H. Fischthal, State University of Iowa. 

Fourteen of 16 rats given either 80, 160, 320 or 640 larvae of Trichinella spiralis 
and a test dose of 10,000 larvae 7 days after the initial infection died between the 
third and eighth days after reinfection. Between 2,592 and 6,828 developing larvae 
were recovered from their intestines, indicating that no immunity is produced within 
7 days after feeding 80 to 640 larvae. The two similarly infected rats which sur- 
vived the test dose had in some way been able to resist the effects of the latter. On 
the other hand, IS of 16 rats given either 80, 160, 320 or 640 larvae and a test dose 
of 10,000 larvae 14 days after the initial feeding survived. Nine of these were 
killed 7 days after reinfection, and only 1 to 546 developing larvae were recovered 
from their intestines. Seven of the 9 rats contained less than 33 adults. Definite 
immunity is herein demonstrated since non-immunized control rats harbored ap- 
proximately 33 per cent of a 10,000 dose. The numbers of larvae recovered from 
the muscles of the remaining 7 rats similarly infected showed that immunity had 
been produced by the initial infection and that the rats were nearly perfectly pro- 
tected against muscle invasion. Therefore, a single small dose of larvae is capable 
of producing immunity and a period of approximately 14 days is adequate to develop 
this immunity. It is noteworthy that after immunization by infection the immunity 
is effective against the intestinal phase of the parasite. 

33. Trichinella Skin Tests in Apparently Normal Individuals. Harry M. Rose 
AND James T. Culbertson, Columbia University. 

In a preliminary study Trichinella skin tests were performed on 232 second-year 
medical and dental students, most of whom were males from 22 to 26 years of age. 
The tests were carried out by injecting 0.1 cc of a 1-1000 dilution of Trichinella 
antigen intradernially, and recording the results at the end of IS minutes. Reactions 
were considered to be positive when an urticarial wheal at least 1.0 centimeter in 
diameter appeared at the site of injection. 

Four groups of individuals from two schools were tested. In Group I (School 
A), 5 of 48 persons were positive (10.4 per cent) ; in Group II (School A), 2 of 17 
were positive (11.7 per cent) ; in Group III (School A), 9 of 101 were positive 
(8.9 per cent) ; in Group IV (School B), 3 of 66 were positive (4.5 per cent). 
Thus, the incidence of positive skin reactions varied from 4.5 per cent to 11,7 per 
cent among the groups, with an over-all incidence of 8.2 per cent of positive 
reactions, 

Precipitin tests were also performed with sera from eleven of the nineteen posi- 
tive individuals, of which five were positive and six were negative. 

The results of this study are in accord with those of other investigators, and 
indicate that a significant proportion of young, apparently healthy individuals have 
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endured a sub-clinical infection with Trichinella spiralis. The need for a survey of 
the comparative efficiency of the intradermal test, the precipitin test, and the comple- 
ment fixation reaction in trichiniasis is suggested. 

34. Immunological Stiidies on a Polysaccharide and Protein Fraction Isolated 
from Trichinella spiralis. Leo R. Melcher, University of Chicago. 

Polysaccharide and protein antigens were isolated from larvae of Trichmella 
spiralis. These were used for skin testing and serological studies of Trichinella- 
infected rabbits. The polysaccharide was precipitinogenic in high dilutions but did 
not act as a skin-test antigen except when large amounts were administered (0.5-1 .0 
mgm). Cross reactions with antiserums against other roundworms such as Ascaris 
smmi, Nippostrongylus muris or the larval tapeworm, Cystic ere us taeniae f or rnis did 
not occur with this antigen. This nondialyzable polysaccharide gave a Molisch 
reaction in extremely high dilutions, furthermore protein tests were negative in 
relatively high concentrations, and it was nitrogen-free when tested by Nessler’s 
method on a 10-mgm sample. 

A protein fraction isolated by alkali extraction of the whole worm material and 
purified by add precipitation of nonreactive substances was both precipitinogenic 
and induced positive skin reactions in high dilutions. This protein fraction was 
studied in the Tiselius apparatus and its electrophoretic pattern consisted of three 
components with different mobilities. 

35. Active Immunisation of Sheep against Large Single Test Infections of 
Haemonclius contortus. Norman R. Stoll, Rockefeller Institute for Medical 
Research. 

Sheep have been protected against large test infections of Haemonchus c on- 
tor tus by the parenteral injection of sterilized, exsheathed infective larvae of the 
same species. Such injected larvae do not wander to the abomasum, but instead 
induce a state of insusceptibility which may be highly effective against larvae nor- 
mally inoculated per os in single doses of size sufficient to kill clean controls. Posi- 
tive results have been secured with a single intraperitoneal or subcutaneous injec- 
tion made 0 to 11 weeks before test. The studies have re-emphasized also the 
potency of the protection against Haemonchus contortus afforded this host when 
it is well immunized. Experiments were conducted in the fall and winter with 
spring lambs reared helminth-free. 

36. Some Preliminary Experiments on a Skin Test for Immunity to the 
Stomach Worm Haemonchus Contortus in the Calf. Roy L. Mayhew, Louisiana 
State University. 

Preliminary experiments indicate that injection of a saline extract of adult 
worms produces a positive reaction, indicated by a swelling about the point of injec- 
tion, in immune animals. No reaction was produced in a nonresistant and an 
infected animal. 

37. Acquired Resistance to the Gapeworm Syngamus trachea in the Turkey and 
Ring-necked Pheasant. Lours Olivier, United States Bureau of Animal Industry. 

Each of fifteen 49-day-old turkeys received an initial infection of Syngamus 
trachea by swallowing about 10,000 embryonated eggs and larvae. Forty-one days 
later 7 birds harbored an average of 23 pairs of worms each. Each of the remain- 
ing 8 birds swallowed about 5,000 additional eggs and larvae. Fifteen days later 
each superinfected bird harbored from 0 to 9 pairs (average 2.3) of worms from 
the first infection as determined by size of worms and lesions ; no worms from the • 
second infection were present. Eight previously uninfected controls, fed 5,000 eggs 
and larvae, harbored v39 to 168 pairs (average 108). 

Each of twenty-two 39-day-old pheasants received an initial infection by swal- 
lowing about 3,000 eggs and larvae. Forty-one days later 5 birds had lost their 
worms, except 2 living male worms from which the females had become detached 
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and lost, and 2 pairs of dead worms. Each of the remaining 17 birds received about 
5,300 additional eggs and larvae. Thirteen days later each superinfected bird har- 
bored from 0 to 4 pairs (average 0.7) from the second infection and none from the 
primary infection. Five previously uninfected controls, fed 5,300 eggs and larvae, 
harbored 25 to 177 pairs (average 94). 

It appears, therefore, that resistance to reinfection with Synganms does not 
depend upon the presence of large numbers of worms in the trachea at time of rein- 
fection. Moreover, the results of the experiment with pheasants suggest that the 
resistance persists after the worms have been lost. 

38. Skin Tests in Schisfosomiasis Mcinsoni Patients with Antigen from Pneii- 
monoeces medioplexus. James T. Culbertson and Harry M. Rose, Columbia 
University. 

Three patients with proved schistosomiasis maiisoni were skin- tested with 0.1 
cc of a' one per cent extract of powdered Pnemnonoeces medioplextis. All manifested 
an immediate reaction, consisting of a wheal 1.5 to 3.0 centimeters in diameter with 
distinct pseudopodia. Twelve persons not infected with schistosomes manifested no 
reaction when tested with the same extract. Further tests in the patients showed 
that the one per cent extract could be diluted at least two hundred times yet elicit 
a skin response. The extract resisted boiling for 10 minutes, and retained most of 
its activity after being autoclaved. The substance responsible for the reaction was 
soluble in water, but almost wholly insoluble in alcohol or ether. 

Four persons in whom schistosomiasis mansoni had been successfully treated 
with antimony compounds, respectively, two and one-half, three, four, and six years 
earlier, were also skin tested. A very slight skin reaction was seen in the patient 
treated two and one-half years previously. No skin reaction was manifested by the 
three remaining persons. 

39. Resistance to Ascaris lumbricoides L. in Guinea Pigs and the Eosinophilia 
Associated tvitk Infection. A. Murray Fallis, Ontario Research Foundation. 

Infection with Ascaris lumbricoides L. in guinea pigs has been studied in a 
series of experiments using over three hundred animals. The results confirm and 
extend those of Kerr and others who have studied this parasite. Heavy infection 
with Ascaris lumbricoides renders guinea pigs almost completely resistant to this 
parasite for a short time immediately following the infection and partially resistant 
for at least 15 weeks. The resistance appeared to be more complete in pigs which 
had previously received three heavy infections at intervals of 10 days or less. Evi- 
dence of this resistance was obtained by noting the clinical symptoms produced, the 
rate of growth of the parasite larvae in resistant versus control animals and the 
pathology of the liver and lungs in each (the latter was illustrated by Kodadirome 
pictures), and the number of larvae recovered from the lungs after digestion. 
Attempts to produce passive resistance by injections of serum from resistant pigs 
met with limited success only. Heavy infection was accompanied by an eosinophilia 
which reached a peak in 7-10 days, then declined gradually to normal. The 
eosinophilia produted in resistant and control pigs has also been followed and com- 
pared. Guinea pigs receiving a sublethal infection lost weight from approximately 
the sixth to eleventh day, after which they began to gain. No marked temperature 
change was observed in pigs receiving a sublethal infection, 

40. The Relation of Splenectomy and the Resistance of Old Mice to the Mouse 
Cestode, Hymenolepis nana ’-oar. fraterna. John E. Larsh, Jr., Johns Hopkins 
University. 

In connection with studies on the mouse cestode, Hymenolepis nana var. fra- 
terna, experiments were undertaken to determine the influence of the spleen on 
natural resistance. Sixty mice (two months old) were selected for an experiment, 
and 30 were splenectomized. One week after splenectomization, 15 were tested and 
had about the same percentage development of cysticercoids (about five) as the con- 
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trols. However, five months later when the other 15 splenectomized mice and con- 
trols were infected, there was considerable difference in the percentage development. 
The controls harbored only a few parasites (0.5 per cent development), whereas 
large numbers were observed in the splenectomized animals (a 4.5 per cent develop- 
ment). The total number of cysticercoids present in the latter was just slightly 
less than that in young mice two and one-half months old (included as a check on 
the viability of the eggs used). Similar results were obtained when the experiment 
was repeated. The low percentage development in the old controls (seven months 
old) is a phenomenon which has been observed previously in old mice. In the 
splenectomized group, latent Bartonella infections were manifested three days after 
removal of the spleen. Periodic hemoglobin (Sahli) determinations showed a 
gradual development of anemia, probably caused by the Bartonella. The hemo- 
globin level decreased from 101 per cent before the operation to less than 80 five 
months later, while it remained practically unchanged in the controls. As the 
anemia progressed, there was a higher percentage development of cysticercoids. 
Thus this anemic condition seems to be the most plausible explanation for the failure 
of these mice to develop resistance. 

41. The Effect of Ascaris suum Extract Injections upon Chickens Injected with 
Ascaridia lineata. L. L. Eisenbrandt, University of Kansas City. 

Four subcutaneous injections of dried extract of Ascaris suum suspended in 
physiological salt solution were given in increasing doses on alternate days to half 
grown white leghorn chickens. The doses were 12, 14, 31 and 56 mg protein. Four 
days after the last injection 50 ±5 infective eggs of Ascaridia lineata were adminis- 
tered, and three weeks later the chickens were killed and the number and length of 
A. lineata were determined. The control chickens were infected as above. 

The injections of A. suum extract failed to increase the resistance of these 
chickens against A. lineata. The resistance appeared to be lessened because the 
experimental chickens averaged 5.3 more nematodes than the control chickens (sta- 
tistically significant), and the nematodes were longer (2.36 mm, but this was not 
significant) than those in the controls. Therefore, in this experiment, injections of 
A. suum extract actually lowered the resistance of chickens to A. lineata rather 
tlian increased it This study was possible by aid from Sigma Xi research grant 
and from Dr. J. E. Ackert. 

42. Effects of the Nematode, Trichostrongylus colubriformis, on the Nutrition 
of Lambs. John S. Andrews, W. R. Kauffman and R. E. Davis, United States 
Bureau of Animal Industry. 

The nutrition of the six cross-bred (Hampshire-Southdown) castrated male 
lambs, of which five were experimentally infected with from 63,000 to 440,000 infec- 
tive larvae of Trichostrongylus colubriformis each, was studied experimentally. 
One lamb served as an uninfected control for 14 of the 18 weeks during which the 
infected lambs were under observation. The presence of large numbers of mature 
trichostrongyles in the infected lambs, indicated by the passage of approximately 
1,500,000 worm eggs per 24 hours, for more than a month, apparently did not 
decrease the digestibility coefficients of any constituent of the feed or interfere with 
the absorption of calcium and phosphorus except as noted below. In one lamb 
showing clinical symptoms of trichostrongylosis, and later dying of the disease, the 
digestibility coefficients of all components of the feed, except ether extract and crude 
fiber, were decreased when the vitality of the host had been so reduced by partial 
starvation, and dehydi'ation through continuous diarrhea, that normal digestion and 
absorption could no longer take place. One lamb that had suffered from anorexia 
and diarrhea for approximately seven and one-half weeks as a result oi Tricho- 
strongylus infection lost from the skeleton calcium and phosphorus necessary for 
the normal metabolism, as shown by analysis of the right femur. The energy 
metabolism of the infected lambs and the number of pounds of feed necessary for 
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them to produce 100 pounds of live weight were found to be about twice that required 

I by the uninfected control lambs. 

■ 

1 43, Symptoms and Immunity follozmng Graduated Doses of Eimeria tenella. 

I Harry A. Jankiewicz, University of Southern California. 

I. Groups of chicks were administered respectively 50, 250, 500, 1,000, 3,000, 6,000, 

20,000, and 100,000 oocysts of Eimeria tenella. By employing a sugar solution of 
specific gravity of 1.065, it was possible to make accurate counts of oocysts which 
^ were uniformly distributed. Daily weight gains, hemorrhage, severity of symp- 

toms, mortality, and the speed of convalescence were the criteria to judge the sever- 
ity of infection. The chicks fed 50 oocysts were not harmed. Those fed from 
250 to 1,000 oocysts experienced, respectively, mild to moderate symptoms but no 
mortality. Weight losses increased as the dosage was raised from 1,01)0 to 100,000, 
the latter dosage causing a loss in weight equal to that gained by the controls. 
Hemorrhage increased as the dosage was raised from 250 to 100,000. Mortalities 
increased as the dosage was raised from 3,000 to 100,000 oocysts. Convalescence 
* was more rapid following dosages as high as 6,000 than following those above 20,000. 
A dosage of 100,000 oocy^sts given to each chick eight days after the initial inocu- 
lations formed the basis of the immunity rating, the latter being placed on a per- 
centage basis. About a 10 per cent average immunity rating was acquired from 
50 oocysts ; a 30 per cent average rating from 250 oocysts ; a 50 per cent rating from 
500 oocysts ; 70 per cent ratings from 1,000 to 3,000 oocysts ; and about a 90 per cent 
average immunity rating from 6,000 to 100,000 oocysts. Dosage determined the 
severity of cecal coccidiosis and the average level of immunity developed. 

44. Studies on Siiscepfibility of Chickens to Cecal C^occidiosis. C. A. Herrick 
AND S. A. Edgar, University of Wisconsin. 

When sporulated oocysts of Eimeria tenella were administered to chickens 
which had been off feed until their crops were empty, the oocysts reached the cecal 
pouches in large numbers in less than an hour. But when chickens with full crops 
were infected with comparable doses, the oocysts reached the cecal pouches in two 
and one-half to four hours. Groups of chickens kept under carefully controlled 
laboratory conditions were always more susceptible to coccidiosis if infected when 
their crops were empty. From two to eight times as many chickens died from 
coccidiosis among those groups infected when their crops were empty as compared 
with those infected when their crops were filled. 

Similar results were obtained when chickens were kept under range conditions. 
Several groups of chickens were so alternated in naturally contaminated brooder 
houses that they had identical conditions except that some had feed available when 
they left the hover in the morning while others were not fed until 8 AM. In those 
groups w^hich were not fed until 8 AM three times as many died of coccidiosis. 

45. The Magnitude of the Hookimrm- Problem in a Typical County of Southern 
Georgia. J. Allen Scott and Justin Andrews, Georgia Department of Public 
Health. 

In recent years, differing opinions have been expressed with regard to the present 
magnitude of the hookworm problem in the southern United States. It is known 
that the worst areas are in the pine woods sections of the sandy coastal plain. Here 
the people derive a meager subsistence from cropping small fields and gathering 
turpentine. Sanitation is virtually non-existent, and diets are extremely inadequate. 
By means of a house-to-house collection of fecal specimens and determinations of 
hemoglobins, quantitative data are now available on a cross section of the population 
of a typical county in this region. Two-thirds of the group between five and twenty 
years of age were found to be infected, half were passing more than 5,000 eggs per 
cc (basis formed stools) , and 10 per cent were passing more than 40,000 eggs per cc. 
This latter 10 per cent showed an average hemoglobin of 5 grams as compared with 
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an average 10.5 g’rams for non-infected persons in the same family. The problem is 
only slightly less in younger children. In older persons the prevalence is also high, 
but the disease only occasionally severe. Statistical methods have been developed to 
make possible a simple expression of the significance of this problem in terms which 
can be understood by the layman. For the first time an attempt has been made to 
visualize the problem on a family basis. It is believed that the information is a step 
toward more accurate evaluation of the hookworm problem of the South. 

46. Use of Calcium Chloride to Isolate Helminth Ova from Soil R. T. 
Stevenson, University of Wisconsin. 

Attempts to recover Toxocara canis ova from artificially infected soil samples 
using recommended methods and flotation media gave erratic results. The possibility 
of soil particles adhering to the eggs suggested the use of solutions of greater 
specific gravity than are normally employed. CaCh solution (sp. gr. 1.35-1.40) 
gave consistently better results than ZnSO* of the same specific gravity or NaCl 
(sp. gr. 1.20) solution. A comparison of the Willis flotation method and the Lane 
direct centrifugal flotation technique using CaCL solution (sp. gr. 1.35) was made 
and results showed the latter to be more efficient. Soaking soil samples in 1 per cent 
solution of CaCla over night or in a stronger (10 per cent) solution for at least an 
hour before attempting to float out the eggs provided even better results. After 
soaking the sample it was screened to remove coarse debris. The Lane tube con- 
taining the sample was attached to a vacuum pump to remove air trapped in the soil. 
These last two procedures greatly facilitated microscopic examination. Prolonged 
exposure to the concentrated solution does not appear to destroy ova of T, canis, 
Eucoleus aerophilus, Capillaria plica or coccidia oocysts but hookworm eggs 
disintegrate in it rather rapidly. 

47. Phcnothiasine in the Treatment of Enterobiasis. Ella Kuitunen, Univer- 
sity of Toronto. 

Purified phenothiazine has been used in the treatment of enterobiasis in over 300 
children and adults. In approximately 95 per cent of the whole group repeated 
swabs have failed to show the presence of pinworm infection after one course of 
treatment covering 5 to 6 days. The NIH swab was used for the detection of 
infected cases as well as for the post-treatment re-examination. Five swabs on 
consecutive mornings were taken for diagnosis. The post-treatment swabs were 
taken on 7 consecutive mornings commencing one week after the last dose of 
phenothiazine. No laxative was given before, after or during the treatment. Pheno- 
thiazine was usually given mixed with food or orange juice. 

The following dosage has been used : 

Age groups Total dosage in grams Daily dose in grams 

2-5 - 5 1 . 

6-8 6 1 

9-11 7.5 W.5 

12-adults 9 1.5 

48. The Efficacy of Phenothiazine and Nicotine -Bentonite for the Removal of 
Heterakis gallinae and Ascaridia galli from Chickens. James E. Guthrie and 
Paul D. Harwood, Dr, Hess and Clark Laboratories. 

Tablets manufactured from 33 parts phenothiazine, 66 parts nicotine-bentonite 
(5 per cent nicotine), and 1 part sodium stearate weighed on the average 1.33 grams 
(s = 0.029). Of 16 brown leghorn cockerels, 4 were treated with these tablets, 4 
with equivalent amounts of phenothiazine, 4 with equivalent amounts of nicotine- 
bentonite and 4 were used as untreated controls. The birds receiving tablets of 
phenothiazine and nicotine-bentonite eliminated 83.7 per cent of 1012 Heterakis and 
96.2 per cent of 131 Ascaridia; those receiving phenothiazine, 89.9 per cent of 675 
Heterakis and 48.2 per cent of 110 Ascaridia; those receiving nieptine-bentonite, 
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10.1 per cent of 1246 Heferakis and 85.2 per cent of 149 Ascaridia; those receiving no 
treatment, 1.1 per cent of 1145 Heterakis and 8 per cent of 137 Ascaridia. To esti- 
mate the toxicity of these tablets, 23 birds weighing from 970 to 1,500 grams were 
given from 5 to 40 tablets each. All birds survived, but those receiving 20 or 
more tablets lost weight. To estimate the effect of extreme fineness on the efficacy 
of phenothiazine, 10 pairs of birds were matched by weight. One bird of each pair 
was given 150 milligrams of micronized phenothiazine (specially ground as fine as 
possible) the other was given 150 milligrams of commercial plienothiazine (about 
90 per cent of this phenothiazine passes through a screen of 100 meshes to the inch) . 
Birds receiving micronized phenothiazine eliminated 47.9 per cent of 879 Heterakis; 
those receiving commercial phenothiazine eliminated 68.2 per cent of 786 Heterakis. 


\ 


49. Observations on the Life History of a Rabbit Oiiterehrid, the Larvae of 
Which May Penetrate the Human Skin. Raymond H. Beamer, University of 
Kansas, and Lawrence R. Penner, University of Connecticut. 

A large, white-sided female cuterebrid collected in a pasture near Lawrence, 
Kansas, on July 10, 1942, laid numerous eggs in rows up to three-fourths of an inch 
long on wild lettuce and the sides of a laboratory cage. Larvae started to hatch 
about 8 : 00 AM C. W. T, on July 14 and continued hatching for several hours. Three 
larvae were allowed to penetrate the human skin. Complete entry of one larva took 
18 minutes and the other larvae were two-thirds in when removed at 18 and 25 
minutes from the time of first attachment. Larvae placed on two guinea pigs, four 
white rats, one white-footed mouse, and four pack rats, failed to mature warbles. 
Twenty-two larvae were placed on a half-grown, white rabbit, four of which were 
inserted into the nostrils. The rabbit died July 20 and a single second instar larva 
was found under each foreleg in connective tissue between the skin and underlying 
muscle tissue. One had made an opening in the skin to the exterior. Eight larvae 
placed on two similar rabbits matured three and one larvae by August 13, although 
the existence of four and five had been noted previously. Apparently three of the 
mature warbles were eaten by the rabbits ; the fourth pupated August 14. Very 
rapid healing of the empty warble holes was noted. 

50. On the Structure of the So-Called ''Stigmata'' of Larval Ticks. Harold 
Elishewitz, University of Minnesota. 

Despite assertions by morphologists that larval ticks lack a tracheal system, 
tick taxonomists have, almost without exception, continued to refer to a series of 
four pairs of placodes in the body wall as “stigmata.” These placodes, appearing 
in surface view like a pair of mitral valves surrounded by a sclerotized peritreme, are 
located posterior to the subcoxae of the three pairs of legs on the ventral surface and 
anterior to the last festoons on the dorsolateral surface. The distribution of these 
plaques shows generic and specific variation. 

It is here shown that each of these “stigmata” is in reality the orifice of a com- 
plex sensory-glandular system to which the term sensillum glandularis is applied. 
The system, in Dermacentor variabilis, consists of an elliptical, cone-shaped sclerotized 
annulus surrounding a bullet-shaped, thin-walled, hollow sensory cone. The apical 
quarter of the cone is invested by a chitinous apical membrane that arises from a small 
membranophore ridge which rings the inner wall of the annulus. The base of the 
cone sits upon an elliptical sensillar ring into whose hollow center a solid sclerotized 
sensory peg is inserted. Two closely apposed, relatively enormous hypodermal 
gland cells pour their secretion into the space between the cone and the annulus. 
Located between the gland cells is a prominent neurone whose efferent fibers termi- 
nate at the base of the sensillar ring and sensory peg. The glands function during 
molting while the sensory function is probably olfactory. 

51. The Taxonomy of the Pathogenic Rickettsiae. Cornelius B. Philip, Army 
Medical School. 
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In reviewing the purely systematic aspects of the human pathogenic rickettsiae, 
it is pointed out that considerable confusion has arisen from disregard of accepted 
taxonomic procedure in proposal of many new specific names. Adequate taxonomic 
stability will have to await further “biological’' clarification of the interrelationships 
of the aetiologic agents now arbitrarily placed in the group. Many synonyms are 
apparent even now, however, among specific names. Excluding certain problematic 
forms in this discussion, the accepted species may be grouped under 3 subgenera of 
the genus Rickettsia, namely, Rickettsia s. str. which includes the type species 
prozvaseki (with 1 synonym) of epidemic typhus, subspecies fyphi (4 synonyms 
including mooseri) of endemic typhus, and orient alls of tsutsugamushi fever (8 
nowym^) ; Dermacentroxenus which includes rickettsi (2 synonyms) of Rocky 
Mountain spotted fever and subspecies conori (2 synonyms) of boutonneuse fever 
and South African tick bite fever ; and a new subgenus for the Q fever group with 
one species, burneii (1 synonym). 

52. Age as a Factor in the Resistance of Splenectomised Rats to Infection with 
Bartonella muris. Walter R. Kessler, Columbia University and College of the 
City of New York. 

Splenectomized rats of six different age groups (ranging from 12 to 150 
days) were inoculated with various concentrations of Bartonella muris-iniQCted 
erythrocytes. Inocula which induce fatal infection in almost 100 per cent of the older 
animals tested (27, 40, 60, 80, and 150 days of age) produce no fatalities among rats 
of suckling age (12 days at the time of inoculation). Not only the eventual outcome 
of the infection but the development, course, and symptomatology of the disease in 
animals of suckling age differs from that shown by other age groups. Although 
the patent period was found to be fairly constant for all animals, being on the 
average about 3 days, the prepatent period was longest for rats of suckling age. 
Invariably, in rats of the older age groups, a marked loss in body weight is observed 
during the terminal phase of the infection and hemoglobinuria is common. In none 
of the members of the 12-'day-oId group were either weight loss or hemoglobinuria 
noted. In older animals as many as 80 or 85 per cent of the red cells may be invaded 
by numerous (40 to 50) parasites. On the other hand, in rats of suckling age, both 
the number of infected cells as well as the number of organisms per cell is con- 
siderably less ; indeed, only in rare instances are as many as 50 per cent of the 
erythrocytes invaded. 

The general level of red cell production as indicated by the presence of immature 
erythrocytes, particularly normoblasts, was more vigorous in the rats of suckling age 
than in older animals. Normoblasts appear to be completely resistant to invasion 
by Bartonella muris; immature red cells likewise tend to be less frequently and 
more sparsely infected. This fact is no doubt directly related to the relative re- 
sistance of splenectomized rats of suckling age to infection with Bartonella muris. 

53. The Pathogenicity of Three Strains of Trichinella spiralis as Indicated by 
Lethal Dose and Survival Time. Irving Rappaport, Cornell University. 

Although some workers believe that a variation in virulence may exist among 
strains of Trichinella, no evidence for it has been reported. In the present study of 
the problem, larvae of three different strains were obtained by peptic digestion, 
counted directly in graded doses, and administered to mice by stomach tube. Results 
obtained with the three strains were quite similar in regard to lethal dose and survi- 
val time. By combining the results obtained with all three strains, these criteria of 
lethal dose and survival time can be more accurately evaluated. 

All animals receiving overwhelming doses (over 140 larvae per gram of body 
weight) died between 2 and 4 days after infection. The survival time up to 60 
days was quite variable when doses between 60 and 100 larvae per gram were given, 
making it almost impossible to predict the survival time. The percentage of animals 
which survived was dependent upon dosage. All mice receiving more than 80 larvae 
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per gram died during the 60-day interval. The percentages of animals that survived 
doses from 10 to 85 larvae per gram of body weight at 10 larvae per gram intervals 
were : lOG, 100, 64, 65, 44, 30, 5, and 5, respectively. There appeared to be little or 
no difference among the three strains of Trichinella studied. It is believed, how- 
ever, that the criteria of lethal dose and survival time possess many limitations and 
that other methods, such as longevity and sex-ratio studies of the adult parasites, 
are far superior for such investigations in experimental trichiniasis. 

54. Tests for a Hemolytic Substance in Chabertia ovina. W, L. Threlkeld, 
Virginia Agricultural Experiment Station. 

Ten thousand infective larvae of Chabertia ovina vetre administered to a three- 
month-old lamb. The animal was killed two months later, and 426 mature Chabertia 
were recovered. Two hundred and fifty worms, fixed in 70 per cent alcohol, were 
utilized as described. The anterior portion of the worms (esophagus and head) 
was severed. The anterior and posterior portions were washed repeatedly in 
Ringer’s solution, then in 0.87 per cent saline, transferred to 95 per cent alcohol, 
triturated, and filtered through a Berkefeld N filter. After evaporation and drying, 
the product from the filtrate and the unfiltered residue were taken up in sterile 0.87 
per cent saline and added to a solution of fresh defibrinated sheep blood, made by 
adding 19 cc of sterile 0.87 per cent saline to 1 cc of blood. After 18 hours of 
incubation at 37,5° C, hemolysis occurred. Similar results were obtained after 22 
hours’ incubation at 37.5° C from the product of 56 whole worms which were taken 
from a nine months’ old lamb which had retained the infection for five months. A 
further study is planned to determine more conclusively whether a hemolytic sub- 
stance is present in Chabertia otnna. 


55. Factors Influencing the Oxygen Consumption of a Larval Eustrongylide*. 
Theodor von Brand, Catholic University of America. 

The o.xygen consumption of a larval Eustrongylides from Fundulits remained 
constant in the pH range of 3.4 to 8.3, but was increased in the pH ranges 1.1 to 2 
and 9 to 10.7. The significance of the increased respiration in the latter case re- 
mains unclear. The stimulation in the e.xtreme acid range, however, may have a 
biological foundation, since the worm bores into the stomach wall of the definitive 
host. The temperature relationships were investigated in the range of 5 to 48° G. 
The increase in respiration with increasing temperature could be expressed with two 
lines only if the Qio was calculated or if Arrhenius’ formula was used. The influ- 
ence of various ions in isotonic solutions upon the oxygen consumption was also 
'I studied, The least stimulating cations and anions respectively were Na and Cl. 

I The maximally stimulating ones were K and PO 4 . 

* 

56. Survival on Soil of Oocysts of Tzvo Species of Swine Coccidia, Eimeria 
debliecki and E. scabra. John Lawrence Avery, United States Bureau of Animal 
Industry. 

During the interval from May, 1941, to July, 1942, the survival periods on soil 
of oocysts of Eimeria debliecki and E. scabra were investigated at Beltsville, Mary- 
land. It was considered that the information obtained would be useful in formu- 
> lating control measures against these parasites. Two test plots, each 15 feet square, 

were fenced off in a pasture which for several months previously had been occupied 
by swine infected with the species of coccidia named. The infected hogs were re- 
moved from the area prior to the beginning of the experiment. One plot was con- 
stantly shaded by trees, the other was unshaded and both were kept free of vegeta- 
tion. At intervals of 4 to 8 weeks the viability of the oocysts was tested by main- 
taining on each plot for a period of 3 days a pig that had been raised free of coccidia. 
The pigs were then removed to separate cement-floored pens and the feces collected 
daily; the numbers of oocysts present were estimated by the dilution technique. 
The investigation showed that the oocysts on both plots were still viable after IS 
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months. However, infections acquired from the unshaded plot were lighter than 
those acquired from the shaded area. Temperatures of the surface soil of the two 
plots ranged from 4*40'' C to -4.5° C. These findings show that under the tempera- 
ture conditions named allowing an infested hog lot to remain vacant as long as 
15 months may not preclude infections of susceptible pigs with the two species .of 
coccidia named and indicate that longer periods of rotation may be essential to 
effective control. 


57. The Effect of Moderately Low Temperatures on the Sporulation of Oocysts 
of Two Species of Swine Coccidia. John Lawrence Avery, United States Bureau 
of Animal Industry. 

Unsporulated oocysts of Eimeria dehliccki and E. scabra cultured in tap water 
were exposed to (1) a temperature slightly above freezing (6 to 8° C), (2) alter- 
nate freezing and thawing (0.5 to -3° C), and (3) continuous freezing (-2 to -7° 
C) to ascertain the effect on sporulation; two cultures were maintained at each 
temperature; two other cultures kept at room temperature (19 to 25° C) served as 
controls. Each culture consisted of approximately equal numbers of oocysts of 
each of the two species in question in 25 cc of tap water contained in a petri dish 
3 inches in diameter; the oocysts were obtained by the sugar-flotation technique 
from the feces of a pig harboring a natural infection of the species named. After 
the cultures had been exposed to the various temperatures in question for a period 
of 26 days, 100 oocysts from the two cultures kept at each temperature were exam- 
ined and the percentage of sporulation ascertained. At that time 93 per cent of the 
oocysts in the control cultures had sporulated but no sporulation was observed in 
any of the cultures exposed to lower temperatures. The cultures were then main- 
tained at room temperature (19 to 26° C) for a period of 14 days and were then 
examined. The percentages of sporulation in the three groups of cultures at that 
time were 88 per cent, 67 per cent, and 55 per cent, respectively; no change was 
noted in the percentage of sporulated oocysts in the control cultures. In the case 
of individual cultures approximately equal numbers of oocysts of the two species 
sporulated. 


58. The Segmental Anatomy of Mesocestoides variabilis Mueller^ 1928, from 
Didelphis virginiana Kerr. Elon E. Byrd, University of Georgia, and James W. 
Ward, Mississippi State College. 

From a study of the immature, mature and gravid segments of a series of speci- 
mens taken from Didelphis virginiana in Mississippi the writers have been able to 
definitely identify the tapeworm parasite as Mesocestoides variabilis Mueller, 1928. 
Since no scoleces were recovered from the host, only segments have been examined. 
These reveal certain features of the anatomy of this cestode which heretofore have 
remained obscure, or have not been made clear in the published accounts of the 
species described as belonging to the genus. The arrangement of the muscle fibers, 
the excretory ducts, the general arrangement of the reproductive organs, and the 
manner in which the egg capsule (paruterine organ) is formed are some of the 
features. 


59. Notes on the Genital System of the Bird Fluke, Apharyngostrigea cornu 
(Zeder). Elon E. Byrd, University of Georgia, and James W. Ward, Mississippi 
State College. 

The general anatomy of the bird fluke, Apharyngostrigea cornu (Zeder), from 
the little blue heron, Florida caeridea caerulea, from Mississippi, is discussed. From 
a study of serial sections of the parasite the course and the connections made by the 
various genital ducts have been worked out in detail. 

60. The Parasites of the Caecilidae (Amphibia: Apoda). A. C. Walton, 
Knox College. 

Annotated records are presented from six species of hosts (Dermophis mexi- 
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Siphanops annulalus, 

o.xywus) of the presence of six species of Nematocla ( 4xrnrU 

RhMi<^ LS;”Sd'7e ”c2Ln- ) ”'’ R. nmltipapillata, 

mericamis and fW Iv’ ^ \ (Dernwphis 

been recorded T7 ax • ’ Other types of parasites apparently haA’'e not 

WAioN^WcSlege"^ Co.^to6r««:/,oirfca Caarfnh,). A. C. 

follows members of the Cryptobranchoidea are as 

okapmae. b. Onychodactylus (japonicus) is infected by 

(1) ialleganknsis) is infected by Filaria 

ii), ^piroHoura (2), Spiroxys (1), and Zanclophonis (1), species of Nematoda • 

today : '^y Ophiotaenia cryptobmnchi (Cts- 
swcitsl?VrItlT'h'’\°r'i^P’ (1), and by TryMwo-wmo ( I ) , 

(Nematoda^ bv bf Uaponkusyh infected by Filaria cingAa 

Opisthodiscus fl), and larval 
unidentified flagelktes!'^""'^ -• Bothrioccphalus (Cestoda) ; and by 

TON ^Knox CoUege'^^'^ Ambystomoidea {Amphibia: Caiidata). A. C. Wal- 

records of the various parasites listed as attacking members of the 
^Sr°f " Ambystomidae: Ambysto, no ( 0 ^^ 

Mart n < d- ®P- ^ Capillaria (1), Cosmocerccides (1) 

H? of 11 ’ ’ H/druru (1), Spironoura (2), and Spiroptera (1), spe- 

ces of Nematoda, Ambystoma {]effersomanum, maculatmn, opacum punctatum 
texMum, Umnmn ^nd larval ambystomids) by Brachycoelmm (1), CetcarL (1)' 
DiPlostomuhm (1) Gorgodera (1), Gorgoderina (1), Megalodisms (1) Opil’. 
thioglyphe {l),j.nd Phyllodistomum (1), species of Trematoda; AmbystLm 
i°P^mn, and Ugrmnm) hy Diphyllobothriim (1), Ligula (1). and Ophiotaenia 
(1) species, and proteocephahd cysts— Cestoda ; Ambystoma opacum by Acantho- 
Itarur (Acanthocephala) ; Ambystoma (jeffersonianum, maculatum, 

opacum, texanum, ttgnnim, and unidentified ambystomids ) by Balantidium (1) 
Chtlormshx {\), CryptoUa (1), Cytamoeba (1), Eimeria (1), Euglenamorpha 
{l), Eutnchomashx (1), Glaucoma (1), Haptophrya (1), Hexamastix (1) Hev- 
annfa {1}, Karotomorpha (3), Proteromonas (1), Protoopalina (1) and Tricho 
monas (1), species of Protozoa; and Ambystoma {maculatum zxid opacxim) by 
Hannemama dunm (Acanna). b. Dicampton ensatus larvae by Phyllodistomum 
(Trematoda). Host material came from Canada, Mexico, and the United 

^ ^63. The Possibility of Chemical Control of the Snail Intermediate Hosts of 
Sch^tosoma mansoni in Venesuela. II. George W. Luttermoser, Institute Naciona 
de Higiene, Caracas, Venezuela. 

In the laboratory, it was found that a 1 : 1,000 solution of recently slaked lime 
(about SO per cent pure) not only killed the snail intermediate hosts of Schistosoma 
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mansoni but also killed the eggs of the same snails. These eggs failed to develop 
after remaining in said solution for 6 to 24 hours. A study of the effect of each of the 
principal components of the lime solution on the snails indicated that most likely the 
hydroxide present was the factor lethal for the snails. The cercariae of S\ mansoni 
died within 15 to 30 minutes in the 1 : 1,000 lime solution. 

This year the following snaihinfested zones in populated areas about Caracas 
were successfully treated with lime: 1500 feet of an irrigation canal with an inter- 
mittent flow of water ; a 300-foot section of an irrigation canal with continuously 
running water ; a large reservoir ; and a section of a river 1500 feet long and 6 to 12 
feet wide. Examination of snails collected before and after the first application of 
the lime indicated that more than 90 per cent of the numerous snails found alive were 
killed by the treatment. By means of applications of lime every two or three months, 
it was possible to maintain the first three zones practically free of snails for a test 
period of six months and at a low expenditure. From the collections made, it was 
estimated that some 150,000 potential snail carriers of vS’. mansofvi were killed in the 
river and 14 per cent of the collections were found harboring the cercariae of 5*. 
mansoni. 

64. A Peculiar Larval Development of Rhabdochona spp. {Nematoda:SpiruroT 
dea). Paul V. Gustafson, Whitworth College. 

The larval development of several species of Rhabdochona occurs in various 
mayfly nymphs. Generic characteristics are established by the end of the second 
stage, which is followed immediately by encystment. Growth and maturation do 
not cease but may continue through at least one more molt. In one experiment, a 
Hexagenia nymph seven months after infection contained three excysted males, all 
of which were apparently mature although they were still partly encased in a shed 
cuticle. The pattern of the papillae, spicules, head structures, and total body size 
all agreed with the adult description. Natural infections of Rhabdochona cascadilla 
in Hexagenia could be identified from the precocious larvae. In several females, 
unfertilized ova could be seen within the uterus, while many males exhibited mature 
spicules, papillae pattern, and sperms within the reproductive system. Such pre- 
cocious development has not been previously reported for this group. 

65. African Sleeping Sickness. Eugene R. Kellersberger, American Mission 
to Lepers, New York. 

No abstract received. 
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THE EFFICIENCY OF THE BAERMANN APPARATUS 
IN THE RECOVERY OF LARVAE OF 
HAEMONCHUS CONTORTUS 


A, G. Dinaburg 

Zoological Division, U. S. Bureau of Animal Industry 

The apparatus commonly used for the isolation of nematode larvae 
from soil was first described by Baermann in 1917. It consisted of a 
glass funnel closed at the bottom by a clamp placed on a piece of rubber 
tubing attached to the shank, and a sieve of 1 mm mesh wire covered with 
a piece of coarse cloth. In order to isolate hookworm larvae from fecal 
cultures or contaminated soil, the funnel was filled nearly to the brim 
with filtered and sterilized water and the cloth covered screen containing 
soil or feces with hookworm laiwae was placed in the water in the funnel. 
Samples of varying sizes were withdrawn from the bottom of the funnel 
at different intervals and examined for larvae. The temperature of the 
w^ater was not stated. Cort, Ackert, Augustine and Payne ( 1922) tested 
the effect of various changes in the operation of the apparatus upon the 
recovery of hookworm larvae from soil. They found that the water 
must be at least 10"^ F warmer , than the soil, that a higher percentage 
of larvae can be isolated from coarse than from finely divided soils, that 
a slightly higher percentage of larvae can be isolated from moist than 
from saturated soil, and that while most of the larvae escape from the soil 
into the water in the first 6 hours, an appreciable number come out later. 
They also found that under favorable conditions the percentage of larvae 
recovered was high but variable, the average being about 52 per cent. 
Stoll (1923) added known numbers of hookworm laiwae to 100 gm 
samples of different types of soil, and used the Baermann apparatus under 
the conditions standardized by Cort et al (1922) to recover the larvae. 
He found that about 90 to 95 per cent of the larvae were recovered from 
''humus,'' consisting mainly of vegetation in various stages of decay, about 
80 per cent from sand and loam, and about 33 to 50 per cent from clay. 
Cort, Stoll, and Grant ( 1926) used water routinely at 45"^ C, after having 
found that of 1900-3750 mixed Ancylostoma and Necator larvae placed 
on 200 gram lots of moist clay-loam soil, and allowed to remain there 
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alxjnt 24 Inoiirs before test isolation, an average of 58.1 ±: 1.6 per cent 
were recovered from Baermanii units set up with water at 30-50'^ C and 
allowed to stand over night before ])eing drawn oft. This was in mid- 
summer at Soochow, China, with air temperatures 27-32'^ C. 

Alonnig (1930) ‘hnade critical tests with this method on Trichosfron- 
gyliis, Haemonchus contortus, and Ocsophagostoniiiiii coluinhianuiii lar- 
vae in fecal cultures and in different types of soil and found that it gave 
excellent results, comparable to those obtained lyv Cort et al (1922), with 
hookworm larvae. The best results were obtained with the coarsest 
soils and a small apparatus, using funnels of 6-inch diameter.” 

Parnell (1936) added known numbers of horse strongyle larvae pre- 
vious!}' isolated by the Baermann apparatus to 40 gm of sterilized horse 
feces suspended in a cheesecloth bag in a funnel of water. A 50-cc 
sample was then examined for the number of larvae recovered. When the 
initial number of larvae was 75 to 100, percentages of 12.5, 25, and 45 
were recovei'ed from 3 cultures, respectively. When the number of larvae 
was 700 to 1,000, percentages of 35, 35, and 50, respectively, were re- 
covered, and when the original number was about 10,000 the recoveries 
were 45, 65, and 90 per cent, respectively. 

Kauzal (1940) tested the effect of various modifications of the 
Baermann technic on its efficiency for the recovery of infective larvae of 
Haeuionchus contortns and Trkhostrongylus spp. Either the former 
species or both were used, but the results are not given separately, nor 
are the methods of obtaining the larvae given. He found that more larvae 
were recovered when water at room temperature (15° to 22 °C) was used 
than when water at 37° C was put into the funnel. The soil plots con- 
taining the larvae were supported on wire gauze in funnels of various 
sizes. With a 6-inch funnel and 50 gm soil, the average recovery in 11 
experiments was 33.6 per cent, while 17 per cent was recovered when 
100 gm soil in the same size funnel were used. With a 9-inch funnel and 
100 gm soil, 43 per cent were recovered. These tests were carried out 
under identical conditions, with water at room temperature, and an isola- 
tion period of 48 hours. However, the numbers of larvae involved are 
not given. In other experiments, Kauzal found that when the soil was 
supported by wire gauze the mean recovery was 36.7 per cent ; when no 
gauze was used it was 58.3 per cent. He concludes that the percentage 
of larvae recovered by this method is low and varies greatly in individual 
experiments. 

PURPOSE OF EXPERIMENTS 

The Baermann apparatus was used regularly to recover larvae of 
Haemonchus contortns from stirred samples of soil, sheep feces, and 
mixtures of both in experiments on the development and survival of the 
eggs and larvae of this parasite under outdoor conditions. In view of 
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the extensive use of the apparatus in the above experiments, and the 
scarcity of available information on the efficiency of the apparatus in the 
recovery of larvae of H, contorfus, the following experiments were per- 
formed to calibrate the apparatus under conditions^ similar to those used 
in the survival experiments. 


MATERIALS AND METHODS 

The Baermann apparatus consisted of glass funnels provided with 
rubber tubes, and clamps at the lower end ; of straight-sided screens ; and 
of heavy muslin cloths. The funnels were 7|- inches in diameter across 
the top ; the screens, 7 1/16 inches outside diameter and 2f inches high, 
and were made of 16-mesh wire screen. The cloths were washed muslin 
about 35 cm square and weighed about 25 gm. After each experiment 
the screens and funnels were first washed, and then dijDped into boiling 
water ; the cloths were washed, boiled and dried before using in order to 
kill an}’ remaining larvae. 

The procedure used in each experiment was as follows : Six funnels 
were filled with w’ater at 40° C, to a level below that of the screens. The 
sterilized cloths were put in each of 6 screens. One hundred grams of 
steam-sterilized sandy loam was put into each of 2 screens ; and in each of 
2 other screens, 100 gm ground sheep feces, free of nematode eggs, except 
for occasional SfrongyJoides papUlosus eggs, while in the third pair, 
neither soil nor feces w’as placed. The suspension of infective larvae, 
collected the day of the experiment from cultures of H. contortiis eggs, 
was stirred well before each sampling, and 8 or 10 samples of equal 
volume drawn up with a pipette. Two of the samples were put into 
separate bottles as controls and 6 samples were pipetted slowly into each 
of the screens. If sufficient suspension remained, two more control 
samples were taken. The w’ater level was then brought to just below the 
surface of the soil or feces, or above that of the cloth, and the ends of the 
cloth tucked in. Under these conditions, the funnels contained about 
1600 cc of \vater. After the larvae had been in the apparatus for 48 
hours a sample of 50 to 60 cc was drawn from the bottom of each funnel 
by pinching the rubber tube above the clamp with metal tongs, while 
loosening the clamp, then relaxing the pressure to flush the whole tube. 

The number of larvae in each sample and those in the control bottles 
were determined by examination either of the whole sample or of a diluted 
part of it under a dissecting microscope. In most experiments 4 control 
samples were available; at least 4, and in most cases 5, dilution counts 
w’-ere made on each control, and on each Baermann sample containing 
large numbers of larvae. 

1 The specifications of the components of the apparatus, initial temperature of the 
water, length of isolation period, and weight of the soil sample used in these experi- 
ments were suggested by Dr. D. A. Shorb of this laboratory. 
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When large numbers of lai'vae were available, several experiments 
with different inmibers of larvae were set up at the same time. 

RESULTS OF EXPERIMENTS 

The results of 27 experiments are graphed in Fig. 1. Because of the 
wide range of numbers involved a logarithmic scale was used for the 
numbers of larvae put into the apparatus. The percentage recovered 

T ® 

A -Cloth - 


NUMBER OF LARVAE PUT INTO APPARATUS 

Fig. 1 A. ^ Percentage of infective larvae oi HJcofitortus recovered after passage 
through cloth in the Baermann apparatus. 

was obtained by dividing the number recovered from each unit by the 
average of the numbers in the control samples. In one experiment with 
12,600 larvae, there were enough larvae for only one soil unit, from which 
60 per cent were recovered; Because of the extensive comparisons in- 
duplicates, the data for this single unit was omitted. 

The data in Fig. 1 indicate that with an input of less than 600 larvae, 
the percentages recovered after passage through cloth and through soil 
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Fig. I B, C. Percentage of infective larvae of H, contorius recovered after 
passage through cloth plus 100 gm of soil (B) and cloth plus 100 gm of ground 
sheep feces (C) in the Baermann apparatus. 

are not in line with those recovered from higher inputs. For this reason, 
the results of 7 experiments with inputs below 600 larvae were treated 
separately from the results of 20 involving more than 600 larvae. 
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In the 7 experiments involving inputs of 150 to 420 larvae, the per- 
centage recovered through cloth, soil, and feces averaged 24, 11, and 5, 
and langed Irom 3 to 45, 0 to 31, and 0 to 23 per cent, respectively. One 
soil unit and 2 feces units did not yield any larvae. 

In the experiments with inputs ranging from 600 to 95,400 larvae, 
the averages of the percentages recovered through cloth, soil and feces 

■Vnalyses of variance (Snede- 
■ee groups 
significantly from each 
experi- 


were 69, 34 and 11 per cent, respectively 
cor, 1940j on the |■)ercentages recovered in each of the thr 
showed that tlie a\erage percentages differed 
other, but tliat within each ot the groups the variance between 
ments were not significantly greater than that within experiments. This 
vsecond test gave a tnean square for variation between duplicates that was 
about 2 . '3 that Irom the variation between experiments in the same group, 
this would indicate almost as large a variation betw'een duplicates as 
between ex])erimcnts, as is also indicated by the data in Fig. 1. ITow- 
ever, closer examination of the data showed that 5 pairs of units in the 
cloth series differed by more than 22 per cent in their percentage recovery, 
2 pairs in the soil series, and 1 pair in the feces series. None of these 
pairs were found in the same experiments, or at one end of the input 
range. However, 3 pairs in the cloth series occurred with inputs below 
2 ,d 00 larvae, and 4 with inputs below 8,000 larvae. 

If the data from these 8 pairs are set aside, the average percentage 
recovery is not changed materially, but new information about the opera- 
tion of the apparatus can be obtained from the data from the remaining 
. pails. The new averages of the percentage recoveries for cloth, soil, 
and feces now become 74, 33, and 11 per cent, respectively. An analysis 
of variance of the percentages in these reduced groups is shown in 
Table 1. , 


Table 1. —Analysis of variance of percentages of larvae ) 
apparatus, after passage through various 

negiTCs of freedom 

Cloth Tietn'een experiments 14 

I>et ween duplicates 3 5 

Cloth plus Bel ween experiments in 

soli iiet ween duplicates 17 

Cloth plus Between experiments iq 

- duplicates IP 

difference, by F test. 

Highly significant difference, by F test. 

Ihis analysis indicates that the percentages recc 
experiments differ significantly more than do ditp] 
experiment. From this analysis the variance due t 
be isolated. The variances due to differences betv 
cloth, soil, and feces series are 69. 60. and .SO. whil 


Variance 



differences between experiments are 251, 205, and 40, respectively. In- 
terpreted in terms of the operation of the a]_)paratus, these figures indicate 
that the variations in the experimental technics before and after the larvae 
have been in the apparatus, are about the same in tlie three groups of 
experiments. The differences between the experiments, after the separa- 
tion of this experimental error, are much larger than this source of 
variation in the cloth and soil series, and are due to the inconsistent opera- 
tion of the apparatus from one experiment to tlie next. No regular vari- 
ation of percentage recovery with size of input could be found. 

To complete the account of the data, the average recoveries of the 8 
pairs of units set aside were 55, 33, and 16 per cent for the cloth, soil, and 
feces series, respectively. In the cloth series, the variance between ex- 
periments was less than that within experiments. No explanation for the 
results in this group of 8 pairs can be given. 


DISCUSSION 

The data indicate that the variability in the performance of the ap- 
paratus is much more responsible than the variability in the other experi- 
mental technics for the differences between experiments with either cloth 
or soil when more than 600 larvae were put into the apparatus. In 
experiments with layers of feces these two factors are about equal, perhaps 
because of the low upper limit on the percentages recovered set by the bulk 
of material. The reasons for the variability in the performance of the 
apparatus w^ere not investigated, since the present experiments were not 
designed for that purpose. However, it has been possible to isolate the 
effect of the apparatus from the effect of the other technics involved in 
using the apparatus, and to measure the average percentage recovery of 
the larvae of H. contortus through various materials. 

These results bear directly on the interpretation of recoveries of in- 
fective larvae of H, contortus with the Baermami apparatus, under condi- 
tions similar to those of the present experiments. Considering the low 
average recoveries through 100 gms of soil or feces with inputs of 150 
to 420 larvae, and with occasional failure to recover any larvae, it would 
appear advisable to weigh carefully low or negative recoveries with the 
apparatus when the initial number in the sample is expected to be Iowa 
Even when the initial number is expected to be much larger, the effect 
of the type of substrate and of the variability of the apparatus upon the 
net efficiency of the apparatus should be considered in dealing with the 
numbers of laiwae recovered. 

SUMMARY 

1. The percentage of infective larvae of H. contortus recovered after 
passage in the Baermann apparatus through cloth, cloth plus 100 grams 
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of sandy loam, and cloth plus 100 grams of ground sheep feces, was 
determined in 27 experiments. 

2. The efficiency of the Baermann apparatus varied with the type of 
material used as substrate and the initial number of larvae. In 7 experi- 
ments involving 150 to 420 larvae, an average of 24, 11, and 5 per cent 
were recovered after passage through layers of cloth, soil, and feces, 
respectively, whereas in 15 to 19 experiments with 600 to 95,400 larvae, 
these averages were 74, 33, and 11 per cent, respective!}'. 

3. In experiments with more than 600 larvae, the variations in per- 
centage recovery betW'een experiments with cloth or soil layers were due 
mainly to inconsistent operation of the apparatus, rather than to variations 
in the technic of handling and counting of the larvae before and after 
passage through the apparatus. The variation in technic is about the 
same in ail three groups. 
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THE EFFECT OF SULFONAMIDE COMPOUNDS ON THE 
GROWTH OF END AMOEBA HISTOLYTICA 
IN CULTURE* 

Enid C. Rodaniche and Joseph B. Kirsner 
D epartment of Medicine, University of Chicago 

The sulfonamide compounds have received in general less atteMion 
in the therapy of parasitic than of bacterial diseases. A review of the 
literature reveals only one reference to the use of any ot these compounds 
in amebic infection (Saini, 1940). Since Endamoeha ImtolytiLa ^ 
readily maintained in culture, it was decided to use the culture method 
to study the action of the sulfonamide compounds on tins oiganism. 
Sulfanilamide, sulfapyridine, sulfathiazole and sulfaguanidme ^ven 

extensive trial. Several experiments were conducted also with sultadi 

azinc 21 s noted in the text. ... 1 * - 

Strains of Endamoeba histolytica. The majority ot t re _ 

were made with a strain of E. histolytica winch had been 
the stool of a patient with amebic dysentery 2i years previously and had 
£n maintained in culture since that time. A few expenments weie 
oerformed with strains freshly isolated from recent cases and cai i e . 

Media For cultivation of E. histolytica a slight variation of ti 
Cleveland and Collier (1930) medium was utilized, 
sisting in the use of one part of sheep serum and 7 parts of Locke soh 
tion without dextrose in place of the usual serum and physiological sd 
solution to make up the fluid portion of the medium. V ery l^^avy .row 
has been obtained consistently in this medium with stock 
with old strains usually reaches a maximum in 3 days with subsequent 
decline and death in 5 to 9 days. With freshly isolated strains this process^ 

IS histolytica cannot be maintained in culture in tiie 

absenc: ol bacteria. In fact, the type and quantity of tire accompany^g 
bacteria or fungi profoundly affects the success or failuie of cultivation 
Faust (1941) has suggested that some type of symbiotic relations ip 
STolved Our stock culture has become stabilized and uniformly shows 

;;*i: of co.ifon„ badB. Bpl. and f t 

..rl More recently isolated strains present a wider vaiiation in me 
Sc^eriaffiora. Such a relationship of course complicates the evaluation 
rf tlTeffed of the drugs, but may present a truer p.cture ot the probable 
action of these compounds in the body. 

fSSIo'S ton. the Don,!.. SmiB Fon.daU.n fa 

Medical Research of the University of Chicago. 
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tion through a Berkefeld N filter; this process also served to sterilize the 
filtrate. Exactly 5 cc of the fluid was then used to overlay the liver 
infusion agar slants. 

Foi some experiments a 3 mm loopful of the respective crystalline 
compounds was added to the saturated drug slants. No effort was made 
to steiilize the drugs before addition. However, it was not found that 
the contamination so introduced produced any significant alteration in 
the cultures. 

1 he initial experiments were designed to give a general idea of the 
action, if any, of the sulfonamide compounds on the amebae. For this 
purpose, four tubes containing respectively sulfanilamide, sulfathiazole, 
sulfaguanidine, and sulfap 3 midine in solution were inoculated and incu- 
bated at 37.5° C. A control tube wnthout drugs was similarly treated. 

le cultures w'ere examined periodically to determine the presence or 
absence and the relative abundance of the amebae by transferring a small 
amount of the sediment to a glass slide and examining under the micro- 
scope. riie lesults are shown in Table 1. The amebae w'ere found to 

T.\ble L— Effect of the addition of sulfonamide compounds in saturated solution on 
the Itfe of Endanioeba histolytica in culture 


Compound added in 
.saturated solution 


Suli'anilamide 
Siilfaguaiiidine 
Sulfathiazole . 
Sulfapyridine 
(\)ntrol 


± innicaTea rtiat Hvmg forms were present 
U indicates that no living forms were observed. 

survive in the saturated sulfanilamide 
sulfaguanidine for 7-10 days, in sulfathiazt 
dine for 7-10 days, and in the control for 
was less abundant 


tor o-h daj’-s, in 
days, in sulfapyri- 
In general growth 
m the cultures containing the drugs than in the control 
and w'as particularly scanty in the tube containing sulfanilamide. This 
preliminary work established the fact that E. histolytica w^as able to sur- 
vive in cultures containing saturated solutions of three sulfonamide 
compounds as long or longer than in controls. The growth of this 
organism, however, was diminished. 

The question then arose as to whether the survival of E. histolytica 
was due to a gradual diminution in the activity of the sulfonamide drugs 
with the passage of time. To study this factor culture tubes prepared as 
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previously described but containing a loopful of the crystalline coinpouiids 
were employed. Since the crystals could be readily identified by ex- 
amination of the sediment, one could be certain that the drugs remained 
in excess throughout the observation period. 

The results of this experiment appear in Table 2. It will be noted 

Table 2. — Effect of the addition of sulfonamide compounds in the crystal line state on 
the persistence of KndsimothdihistdiytlcB. in culture 


P indicates that living forms were present. 

0 indicates that no living forms were observed. 

that, with the exception of sulfanilamide, growth persisted in the presence 
of the crystalline drugs for periods longer than were noted with the 
saturated solutions and for a much longer time than was observed in the 
control. In the culture containing crystals of sulfanilamide, however, 
growth had ceased within 24 hours. The amebae showed neither posi- 
tive nor negative chemotaxis toward the sulfonamide crystals, progressing 
towards, among and away from them freety. It was, noted again, how- 
ever, that growth in the cultures containing the drugs was less abundant 
than ill the control. 

Having established by this preliminary work that amebae will sur- 
vive, though in diminiwshed numbers, in saturated and supersaturated 
solutions of sulfapyridine, sulfathiazole and sulfaguanidine and in satu- 
rated solutions of sulfanilamide, our next step was to apply a more ac- 
curate quantitative method to determine the actual degree of inhibition. 
For this purpose, the test and control cultures were inoculated with 
exactly 0.1 cc of an evenly dispersed suspension of E. histolytica. At 
various periods the fluid contents of the tubes w^ere well stii'red, and 
O.OS cc quantities were removed to slides, covered with cover-glasses, 
and the total number of amebae in 16 fields taken along the diagonals 
at regular intervals was counted under the low power of the microscope. 
The average number of organisms per field was derived from this 
procedure. The entire preparation was first examined rapidly to make 
certain there was even dispersion and no clumping. Careful check 
indicated that this method gave a sufficiently accurate picture of the 
relative abundance of the organisms. Examinations were made at 1, 2, 3, 
5, 6, 7, 10, 17, 24 and 27-day intervals. Growth was so scanty after an 
interval of 17 or more days that counts were not made. The whole 
preparation was examined, however, and if any viable organisms were 


Compound added in 

Life of culture in days 

crystalline form 

' 'i 

3 

5 . 


1.0 

12 

15 20 24 20 

Sulfanilamide ......... 

. 0 

0 

0 





Sulfaguanidine ........ 

p 

P 

P 

P 

p 

P 

0 0 

Sulfathiazole .......... 

p 

p 

P 

P 


r» 

P P P 0 

Sulfapyridine ......... 

p 

I‘ 

P 

P 

p 

0 

0 

Control 

p 

P 

P 

0 

0 
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detected, the culture was considered positive. These results appear in 
Table 3. Reference to this table establishes two major findings: 


Table 3. — Effect of saturated solutions of sulfonamide compounds on the growth of 
Endamoeba histolytica and accompanying bacteria in culture 


< 'onipouiid 
addod in 
saturated 
solution 


Average number of amebae and bacteria in culture 
after varying periods of incubation^- 


Days 



1 

2 

,3 

5 

6 

7 

10 

17 

24 '27 

Sulfanilamide 

Amebae 

Bacteria 

0,2;’) 

(kSOM 

0.1 

flSOiM 

0 

2;’>0M 

0 


90AI 




Sulfaguanidine 

Amebae 
Bacteria ' 

1 4.1 

b20W 

90.7 

970M 

.97.0 

400M 

16.0 

10.0 

9.0 

57AI 

0 

0 


Sulfapyridine 

Amebae 

Bacteria 

6.0 

IB 

18.9 

640^1 

49.2 

oOOAl 

13.5 

11.9 

9.9 

170AI 

0 

0 


Sulfathiazole 

Amebae 

Bacteria 

7.9 

OoO.M 

1 1 .5 
r)20M 

16,9 

410M 

5.5 

3.2 

1.6 

90M 

4.0 

F 

P 0 

rontroi 

Amebae 

Bacteria 

17.9 

IB 

6M.4 

93o:m 

64.4 

760Ar 

0 

0 

loOiM 





Number of arnebae 0 (iuaLs the average count per 16 fields. 

Number of bacteria equals the number per cc of culture fluid. 

B indicates billion. 

M indicate.s million. 

P indicates living aniebae were present. 

0 indicates no living amebae were found. 

1. All the sulfonamide compounds tested produced inhibition of the 
growth of E. histolytica in culture. This inhibition was most marked in 
the case of sulfanilamide, followed in order by sulfathiazole, sulfaguanidine 
and sulfapyridine. 

2. Viable amebae persisted in culture for much longer periods of time 
when the drugs other than sulfanilamide were present than in the control 
preparations. Living amebae disappeared from the cultures which were 
not drug-treated between the 3rd and 6th day, whereas they persisted in 
the cultures containing sulfaguanidine, sulfapyridine and sulfathiazole 
from 9 to 24 days. The fact that viability was maintained for longer 
periods in this series than in the preliminary experiments is attributable 
to the fact that these cultures were submitted to thorough agitation at each 
examination with consequent dispersion of local accumulations of toxic 
waste products, whereas previously the sediment alone was examined after 
very little agitation of the supernatant fluid. 

It is of interest to note that maximum growth occurred on the third 
day for all the cultures except that containing sulfanilamide, and was then 
followed by rapid decline in the control and by gradual decline in the test 
preparations. 

There was no marked morphological change in the drug-treated 
amebae, except that there was usually prolonged persistence of large 
forms. Such large forms ordinarily appear in the untreated cultures only 
during the early growth phase and then are supplanted by smaller forms 
during the period of maximum growth and decline. This observation 
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might indicate a prolongation of the growth phase under tlie action of the 
sulfonamides. Amebae from both untreated and drug-treated cultures 
showed the same degree of motility and contained approximately the same 
amount of ingested starch granules and bacteria. Stained smears of Ijoth 
control and drug-treated amebae showed typical morphology with nuclear 
divisions appearing in stained individuals in both groups. However, no 
attempt was made to determine the relative number of fissions occurring 
among the individuals of the control and test groups. Ency station 
occurred in the drug-treated cultures as frequently as in the controls, and 
the cysts appeared t3^pical. It may be stated that ency station is less fre- 
quent and more irregular in strains maintained for several passages on 
artificial media than in freshly isolated strains. No stimulation of encyst- 
nient, how^ever, was provided by the sulfonamide compounds. 

Since, as previously stated, the growth of amebae in culture in\'olres a 
probable symbiotic relationship with bacteria, the question arises as to 
what effect the sulfonamides exert on the bacterial flora of the cultures, 
and to what extent this effect is reflected in the ameba population. To 
study this problem estimates were made of the relative numbers and types 
of bacteria present in the various culture tubes. One-tenth cc of the well 
agitated culture fluid employed for the ameba counts w^as withdrawn and 
used to prepare serial dilutions up to 1-10 million in distilled water. 
These dilutions were then utilized to seed veal infusion agar pour plates 
which were incubated at 37.5^ C for 48 hours. At this time the number 
of colonies developing per plate was counted and the number of viable 
organisms per cc of culture fluid thus estimated. Identification of typical 
colonies was made also by staining, fermentation and other tests. The 
high dilutions employed were believed to nullify any inhibitory effect of 
the drugs on the growth of viable organisms in the plates. These results 
appear in Table 3, and show that the sulfonamides tested exerted only a 
slight inhibitory effect on the growth of the bacteria. Furthermore, this 
action did not appear to be selective, for both gram positive cocci and gram 
negative bacilli persisted. The inhibition of E. histolytica in culture ap- 
parently, then, cannot be correlated with a simultaneous bacteriostasis. 

The above experiment was repeated using culture fluids containing a 
loopful of the crystalline drug. The method was as previously described 
except that observations were not made beyond the 17-day period. The 
results are shown in Table 4. As in the preliminary experiments, amebae 
disappeared in 24 hours in the presence of crystalline sulfanilamide. Dis- 
tinct inhibition of growth was produced by the other compounds, although 
the order of the inhibitory effect was changed, the alteration being most 
pronounced in the case of sulfaguanidine. 

The degree of stasis of amebic growth may coincide to some extent 
with the solubility of the drugs used: sulfanilamide, which exerted the 
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Table 4.— 'Effect of supersaturated solutions of the sulfonamide compounds on the 
grottih of Endamoeba histolytica iw 


' f f'i 


Average nurnber of amebae counted in 16 fields 
after periodic intervals of incubation 


< 'om|K)und added in 
ery.stailine form 

'Days 


1 

2 

3 ■ 

6 

. 7 

8 

17 

Siiifainlaiuide 

0 

0 

0 





Sulfai^uanidino 

0.94 

9 7 

8.2 

16.4 

20.1 

19.6 

P 

Sulfapvridine ................... 

1.9 

28.1 

12.6 

6.0 

5.3 

^ 3 3 

0 

Sull'alhinzolo 

0.7 

20.1 

15.4 

6.2 

3.8 

1.7 

p 

< 'ontrol 

0.9 

40.6 

66.6 

3.1 

2..5 „ 

2.1 

0 

Sat 11 rated solution of .sulfanilamide , 

1.0 


0.2 

0 


0 


Above solution dilnled 1 to 5 

4.1 


8.0 

12.2 


1.9 


P indi<*.ate.s livin.a ninebae were pre 

.sent. 







P indie.Mtes no living' amebae were 

found. 








greatest inhibitory effect, is also the most soluble. To further elucidate 
this question, a saturated solution of sulfanilamide at 37.5° C was diluted 
l-S times with normal serum-Locke^s solution and then inoculated with 
E. hisfolyfica. A quantitative estimation of the degree of growth was 
made over a period of 8 days and the result compared with that observed 
in a control tube and in a tube containing a saturated solution of sulfanila- 
mide. The results appear in the lower part of Table 4. It wall be readily 
noted that the inhibitory effect of sulfanilamide greatly decreased by dilu- 
tion of the drug, but that even in this dilution growth was by no means as 
great as that in the control preparation. 

SulfadiaBine. A few tests of the effect of sulfadiazine were made. It 
was found that E., histolytica grt^ well in culture media containing this 
compound in satui'ated and in supersaturated solution. Inhibition was 
most noticeable in the jfii*st tw^'o days of culture, On the second clay an 
average count of 2.4 amebae in 16 fields was obtained in the sulfadiazine- 
saturated preparation, whereas the average count in the control was 15.4. 
However, growth rapidly increased in the drug-treated culture, and living 
amebae were still fairly numerous after 11 days of incubation, although life 
had ceased in the control culture at the end of 7 days. It was very inter- 
esting to note that E, histolytica readily ingested the smaller crystals of 
sulfadiazine, a phenomenon not observed with the other sulfonamide com- 
pounds, although it may have occurred occasionally. The presence of 
these ingested crystals did not seem to impair the activity of the amebae 
during the 5 or 10 minute periods of observation. 

To clarify further the action of sulfanilamide on the growth of £. his- 
tolytica, the following experiment was conducted. Four of the regular 
culture tubes were inoculated with 0.1 cc of an evenly dispersed suspen- 
sion of amebae and the tubes were incubated for 24 hours. At the end of 
this time, the fluid contents w^ere well mixed and the average number of 
amebae in 16 fields of a slide preparation counted as described previously. 
The tubes w^ere then centrifuged, the supernatant w^as discarded and re- 
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placed as follows: to tube No, 1 was added exactly 5 cc of uii treated 
sei'iiiii-Lockebs solution; to tube No. 2, 5 cc of serum-Locke’s solution 
saturated with sulfanilamide; to tube No. 3, the same plus a loopful of 
crystalline sulfanilamide ; and to tube No. 4, serum-Locke’s solution with 
added sulfanilamide and para-amino-benzoic acid. The tubes were then 
replaced in the incubator, and microscopic examination with counts of 16 
fields performed at the end of 15 minutes, 24, 5, 24 and 48 hours. 
Examination without count was also made in 96 hours. These results are 
recorded in Table 5. 


Table 5. — Effect of sulfanilamide on the groveth of amebae in culture 


Oiiltiiro j. 1 . tor lioiir>s 

INIrAh atlcr48 Fnrtlier treatment 

tube ^o. — ~ 

btition '/4 ;» .^4 4S lu. 

Sui)ernatant replaced with ^ 

] 25.1 untreated serum-Locke’.s 24.7 2)1.5 OG.O 84.2 20.0 1* 

solution 

Supernatant replaced with 

o 01.1 serum-Loeke’s solution o i,-. i o r. oi i^w.) p 

- .saturated with sulfanila- * 

mide 

Supernatant replaced with 

o 7 Q seruin-Locke’s sol. and ■irr.c i i r, (• p, 9 2.4 0 

o li.S crystals of .sulfanilamide 

added 

Supernatant replaced wdth 

serum-Loeke’s sol. con- ^ ^ ^ ^ ^ 

4 16.3 tainins crystals of sul- 11.2 h.o 4.4 4. i *.. < 1 

fanilaniide and p-ainino 
benzoic acid 

P indicates living: amebae were present. 

0 indicates no living amebae were found. 

It will be noted that the number of amebae remained stationary in all 
tubes for 15 minutes, except in tube No. 4 in which there was a significant 
decline in the ameba count. After an interval of 15 minutes the number 
increased up to the 244iour period in tube No. 1, declined up to the 5-hour 
period in tube No. 2 and then rose, remained stationary up to the S-hour 
period in tube No. 3 and then declined, and declined steadily in tube No. 4. 
A 'latent period” apparently operates in the inhibition of amebic growth 
by sulfanilamide as well as in bacteriostasis. It may be noted that life 
persisted in the preparation containing crystalline sulfanilamide for 2-4 
days whereas in previous experiments it had disappeared in 24 hours. 
This may be attributed to a difference in the preparation of the tubes with 
a much higher initial inoculum, and also to frequent agitation of the fluid 
with dispersion of particles. It is of interest that although the addition 
of p-amino-benzoic acid seemed to precipitate a more rapid decrease in 
the number of amebae it permitted the persistence of living amebae beyond 
the period tolerated in the preparation containing crystalline sulfanilamide 
alone. 

Adaptation to Sulfanilctnuda. An attempt was made to increase the 
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sulfanilamide tolerance of the amebae by continuous passage in culture 
media containing this compound. Such an adaptation was readily 
effected, growth appearing more heavy with each of 4 successive passages. 
For the fifth passage, the adapted amebae were inoculated into a tube con- 
taining crystals of sulfanilamide. The organisms were able to tolerate 
this treatment for more than 3 days, although growth remained scanty. 

Recently Isolated Strains. Two strains freshly isolated from 2 dif- 
ferent patients with amebic dysentery were inoculated on the second pas- 
sage in artificial media into culture tubes containing saturated solutions of 
sulfanilamide, sulfaguanidine, sulfathiazole and sulfapyridine. Results 
u'ere in general comparable to those obtained with the old stock strain. 

In addition control culture tubes and tubes treated with sulfaguani- 
dine, sulfapyridine and sulfathiazole were seeded with fecal material con- 
taining cysts only of E. histolytica obtained from a carrier, Exeystation 
and growth occurred in the control preparation and the preparation 
treated with sulfathiazole in 24 hours. However, in the cultures contain- 
ing sulfaguanidine and sulfapyridine exeystation was delayed for 48 hours. 
Growth persisted for 1 to 2 days in the drug-treated cultures beyond that 
in the controls. 

Black and his co-workers (1941) have demonstrated that liver extract 
is more effective than p-amino-benzoic acid in counteracting the action of 
sulfaguanidine in vivo. Since the culture medium used in the present 
experiments contained liver infusion agar, the possibility arose that the 
liver might have diminished the inhibitory effect of the drugs. An experi- 
ment was therefore devised, using as a culture medium only serum- 
Locke’s solution, a preparation suitable for the cultivation of amebae as 
shown originally by Craig (1934). In our experience growth is much 
scantier: and more irregular in this medium than in the Cleveland and 
Collier medium, in view of which its use has been avoided heretofore. 
Culture tubes of this fluid containing the five sulfonamide compounds pre- 
viously described in saturated solution w^ere inoculated with E. histolytica, 
incubated and examined at intervals. Growth occurred in all tubes and 
no greater inhibition w^as apparent than wdien cultures containing liver 
infusion agar w'ere employed. 

DISCUSSION 

Although the results herein reported do not appear very encouraging, 
W'C feel that the sulfonamide compounds merit clinical trial in amebiasis 
and amebic dysentery. Such a trial becomes more important when one 
recalls the lack of correlation betw^een the in vivo and in vitro activity of 
the sulfonamides in other conditions. Sulfanilamide appears to be the 
drug of choice, treatment perhaps being supplemented to advantage with 
retention enemas in which a high concentration of the compound may be 
employed. It may be noted that Saini obtained successful therapy with 
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sulfamethylthiazole in amebic dysentery in a child. The marked inhibi- 
tion of E, histolytica in culture by the sulfonamide compounds, moreover, 
seems to indicate that synthesis of further compounds might prove of 
value. 

Even though clinical trial may be unsuccessful, however, the use of 
E. histolytica seems to offer particular promise in the study of the action 
of the sulfonamides. This protozoon has the advantage that it is large, 
has definite structure and can be studied in the stained and living* state. 


SUMMARY 

1. Five sulfonamide compounds, sulfanilamide, sulfathiazole, sulfa- 
pyridine, sulfaguanidine and sulfadiazine, all showed inhibitory action on 
the growth of Endamoeba histolytica in culture. Of these the action of 
sulfanilamide was the most pronounced. 

2. At the same time these compounds often permitted persistence of 
living amebae in culture for longer periods of time than were obtained 
with media containing no drugs. 

3. End amoeba histolytica readily developed tolerance to the action of 
sulfanilamide. 
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NOTES ON NEMATODES FROM THE LUNGS AND FRONTAL 
SINUSES OF NEW YORK FUR--BEARERS 


Frans C. Goble and Arthur H. Cook 
Wildlife Research Center, N. Y. State Conservation Dept, Delmar, New York 

Since the time of Redi scattered reports on the occurrence of various 
lung and sinus nematodes in fur animals have appeared, but strikingly 
little has been recorded which would indicate to what extent these infec- 
tions are present in the wild. This article summarizes the parasitological 
findings in the respiratory tracts of the fur-bearers examined by us during 
the three 3^ears ending January 15, 1942. 

Previous work on this group of hosts in this area has not been exten- 
sive. Hanson (1932) recorded lung and sinus worms from minks in 
northern New York and Stegeman (1939) noted skull lesions attributable 
to parasitism in skunks from the central part of the state. Goble and 
Cook (1941) observed the occurrence of lungworms in foxes in the 
Heklerberg region and examinations of skunks in the vicinity of Albany 
led to the identification of the sinus worms and to the discovery of a new 
species of lungworm (Goble, 1942 a and b). 


MATERIAL 

All of the hosts examined were wild-trapped in New York State. 
The great majority of the specimens were taken in three counties border- 
ing on the Hudson river within a radius of 50 miles of Albany. The re- 
mainder of the animals came from various other places in the state. The 
hosts examined are listed in Table 1 and the areas which were extensively 
collected may be seen in Map 1. The three counties in which more than 
two parasites were found were the ones in which the largest collections 
were made. 

INCIDENCE 

Table 1 indicates in a general way the extent of occurrence of respira- 
tory parasites in the hosts examined. The percentages are presented only 
in order to convey the incidences in simple terms. 

Data concerning relative infection with Capillaria aerophila in the two 
sexes was furnished by examination of a large series of red foxes from a 
limited region in southwestern Albany county and northern Greene 
county. In this area (the Heklerberg plateau) a total of 68 males and 
54 females was taken during the months of November and December in 
the years 1940 and 1941. The incidence of C. aerophila in males was 
45.6% and in females 48.1%. It seems permissible, therefore, to com- 

Received for publication, February 3, 1942. 

451 



452 


THE JOURNAL OF PARASITOLOGY 





li iM i 


'I >illi i 

llil '! 


bine the records for the two sexes in determining the incidence of this 
parasite. Incidences in three areas within this region ranged from 41 to 
52% but the differences were not significant. C. aerophila occurred in 
22.5% of the red foxes in Washington county but was not found in any of 
25 animals from central New" York. 

The incidence of Crenosonia viilpis w^as significantly greater in males 
than in females (28% and 15.7%). Analysis of these data above gave 

Table 1. — Occurrence of lung and sinus worms in fur’-hearers in New, York 


Number 

examined 


Adults 

infected 


Opossum 

( Didelphys virginiana) 
Jtedfox 

( Vulpes fulva) ...... 


Gray fox 

{ Urocyon c. cinereoar- 
genteus) 


ISIink 

(Mustela V. vison) 


New York weasel 
{Mnstela frenata nove~ 
horacensis) 

B oiia pa r te weasel 
{Mnstela c. cicognani) . 

Skunk 

(Mephitis nigra) 


Raccoon 

(Procgon I. lofor) ... 
Beaver 

(Castor canadensis) , 
^Muskrat 

(Ondatra Mhethica) 


C re nos o m a v u Ip is 
(Dujardin, 1845) 
Capillaria aerophila 
(Creplin, 1839) 


Crenosorna vulpis 
Cap i 1 1 ari a aerop hila 

FUaroides ’bronchialis 
(Gmelin, 1790) 

S kr.fa h i ngyl us nasico I a 
(Leuckart, 1842) 


FUaroides hronchialis 
Bkrja'bingyliis nasicola 


Crenosorna ::ederi Goble, 
1942 

Skrjahi ngylus chiticood- 
orum Hill, 1939 

Crenosorna sp. (possibly 
C. striatum or C. taiga) 


iTi • fiontal sinuses were examined m the following numbers of adults : 14 opossums 
JU minks, 30 N. \, weasels, o Bonaparte weasels and 25 skunks. All iuveniles of these 
species were examined for sinus worms and found negative. 

I Animals designated as juveniles were all collected during the spring and summer 
and \^ith the exception of one red fox, which was infected with Crenosorna vulpis, no 
liingworms were encountered in any of the young specimens 


a value of 5.43 which is significant with one degree of freedom. We 
are unable to offer any explanation for this difference at the present time. 
The incidence of C. vulpis was the same in red and in gray foxes and did 
not differ between the four counties where the largest fox collections were 
made. 

PATHOLOGY 

Due to the methods employed in killing trapped animals it is difficult 
to interpret accurately the significance of gross lesions in the lungs and 
the evaluation of the tissue changes attributable to the worms depends on 




GOBLE AND COOK---NEMA TODES FROM FULNBEARERS 453 


microscopic study of sectioned material. Two cases, however, which 
were uncomplicated by mechanical injui-y, are reported here. 

In September, 1941, we received an immature female red fox, trapped 
at piseco Lake, which was cachectic, poor in pelage and weak. Post- 
mortem examination revealed bilateral confluent bronchopneumonia and 
over 100 worms (Crenosoma vidpis) were exposed by cutting down the 
main bronchi. We estimate the total number of adult worms in the lung 
to have been over 300. Hanson (1933) reported 55 as the maximum 


Map 1. Known distribution of lung and sinus worms in New York fur-bearers. 
A, Capillaria aerophila; B, F ilar aides hr onchiaUs; C, Skrjabingyhis chitwoodorum ; 
N, Shiabmgylus nasicola; S, Crenosoma sp.; V, Crenosoma zmlpis; Z, Crenosoma 
jsedcri. 

infection with this parasite observed in ranch foxes. Another young red 
fox, trapped within 100 yards of the above on the same day and undoubt- 
edly a litter mate, exhibited the same symptoms and died in captivity two 
days later but was not available to us for autopsy. 

Early in January, 1942, an emaciated adult female skunk was brought 
to the laboratory. It was found dead near a highway and was suspected 
of having been killed by an automobile. Autopsy revealed that the cause 
of death was not traumatic. Examination of the head showed that an 
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abscess existed in the region of the frontal sinuses and that the bones <lor- 
sal and postero-ventral to the sinuses were eroded away so that the cranial 
cavity was continuous with the abscessed region which was exposed when 
the skin was removed from the top of the head. The porosity of tlie bone 
and the location of the lesions suggested that this condition might be the 
result of a serious sinus worm infection but no evidence of recent presence 
of worms could be found. 

DISCUSSION 

:gs and frontal sinuses of opos- 
inclications that both lung 
We have in our collection a 
which was discarded 
Anatomy 

nematodes in two bronchi, sur- 
ig peribron- 


Al though our examinations of the lungs 
sums disclosed no parasites, we have certain 
and sinus worms occur in these animals, 
micro-slide preparation labelled “opossum lung, 
from the histological collection of the University of IMichigan 
Department. This preparation shows 

rounded by mucous and cellular exudate, with accompanying 
chitis. The date, locality and species of opossum are unknown. Weid- 
man (1923) reported lung and sinus worms from opossums at the 
Philadelphia Zoo. 

In the light of Hobmaier’s (1941b) recent suggestion that foxes might 
sometimes be infected with the skunk lungvvorm, Criviosouia mephitidis, 
it is interesting to observe that Crenosoma vulpis was the only species of 
that genus which occurred in foxes occupying the same range as the 
skunks which harbored Crenosoma sederi. 

Disfigurement of the frontal region of the skull in various mustelids 
has been reported by a number of observers and previous to the descrip- 
tion of SkrjabingylHs chitzvoodorum Hill, 1939, these lesions were attrib- 
uted to S. nasicola (often erroneously reported as F Haro Ides mustelarum ) . 
Recent identifications of sinus worms from five species of skunks (Hill, 
1939; Hobmaier, 1941a,* Goble, 1942a) seems to indicate that 5'. chit- 
zvoodonim is typical in the Mephitinae and that JS'. nasicola is the form 
commonly found in the Mustelinae (Hanson, 1932; Swales, 1938). 

Swales found Skrjahingylus nasicola in Mustela cicognani anguinae 
and his records of skull lesions point to its presence in M. arctica, jrenata 
and longicaiida and to its absence in M. vison. We believe, however, 
the presence or absence of frontal dilatations is not a good index of the 
incidence of these parasites. We examined the sinuses of ten minks and 
ten weasels and in each species found infections in four of the ten. No 
external enlargement or abnormality was observed. On the other hand, 
no worms w^ere found on opening the sinuses of a Bonaparte weasel which 
had an enlarged frontal region. The conditions under which alterations 
of the bone take place are obviously not well understood. Our Bonaparte 
weasels, which w^ere negative, were taken in the same locality that yielded 
New York weasels with S, nasicola and Filaroides hronchialis. 
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Since muskrats belong to a new world genus and tlieir ])resence in 
Europe is the consequence of introductions from this continent, iht dis- 
! covery hy Schulz, Orlow and Kutass (1933) of the iungworm Rodciito- 

1 cauhis ondatrac in this host in the U.S.S.R. poses the question of whether 

this parasite was originally an inhabitant of muskrats in this hemisphere 
t or whether it is a recent acquisition to the pulmonary fauna of O. zihcth- 

ica. To our knowledge this nematode has not been found in Xorth 
f America. 

I SUMMARY 

t Observations on the incidence and identity of the parasites of the lungs 

and frontal sinuses of fur-bearers in New York State are recorded. 
These include : CapUlaria aerophila and C renosoma vulpis in red and gray 
foxes, Skrjahingyhis nasicola and Filaroides bronchialis in minks and 
New York weaisels, Skrjahingylus chlhvoodoriim and Crcnusoma zcdcri 
in skunks and Crcnosoma sp. in raccoons. 
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A STRAIN OF THE MOSQUITO AEDES AEGYPTI SELECTED 
FOR SUSCEPTIBILITY TO THE AVIAN MALARIA 
PARASITE PLASMODIUM LOPHURAE 



William Tracer 

Department of Animal and Plant Pathology, Rockefeller Institute for ^Medical 
Research, Princeton, N. J, 

When a group of mosquitoes, of a species known to be susceptible to 
a particular kind of malaria parasite, is allowed to feed on an infected 
host showing many gametocytes in its blood, some of the mosquitoes be- 
come A^ery heavily infected, while others do not become infected at all. 
That this susceptibility or immunity is a hereditary character of the in- 
dividual mosquito was conclusively shown by Huff (1927, 1929, 1931). 
By selective breeding he could in a few generations increase or decrease 
greatly the percentage of individuals oi Culex pipiens suscei^tible to in- 
fection by Plasmodium cathemerium, depending upon whether the suc- 
cessive generations were reared from susceptible or immune mothers, 
respectively. The highly inbred lines of mosquitoes rapidly lost their 
fertility and a strain with higher susceptibility or immunity than the 
original stock could not be permanently established. 

Experiments somewhat similar to those of Huff, but using Aedes 
aegypti and Plasmodvum lophurae^ have led to the establishment of a 
large colony of A, aegypti which for over a year has consistently proved 
to be at least twice as susceptible as the stock colony from which it was 
derived. 

In his original description of P. lophurae Coggeshall (1938) reported 
that 9 out of 15 A. aegypti v4iich fed on an infected chick showed oocysts 
when they were dissected 6 days later. The mosquitoes were obtained 
from the colony maintained by me at the Rockefeller Institute in Prince- 
ton. Later work by Coggeshall (1941a), Huff (1940), and myself 
with the same strain of Aedes aegypti h 2 LS indicated that the percentage of 
infection is usually much less than 60 fo. Huff (1940) found that the 
parasites did not develop at all in A. aegypti at temperatures less than 
28° C, a fact which had been independently observed early in the course 
of the present work. But even if the mosquitoes were kept at 30° C the 
percentage of infected individuals obtained from groups fed on chicks 
showing many gametocytes was always low. Much better results were 
obtained by Laird (1941) with the closely related mosquito A. albopictus 
which proved to be about 90^^ susceptible to P. lophurae, Culex restiians 
and Aedes atro palpus also were highly susceptible and showed sporozoites 
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in the salivary glands (Laird, 1941). Interestingly enough, P. lopJumie 
produced fairly heavy stomach infections in Anopheles qnadrimaculatus 
(Coggeshall, 1941a), but in only one mosquito have sporozoites thus far 
been found (Hurlbut and Hewitt, 1941). Of 167 C. pipiens dissected, 
1.0% showed infection by P. /o/>/!'Mrae (Coggeshall, 1941a). 


1 


I 


ll 1,'J 




II f f I ' , 



METHODS 

A Strain of P. lophurae obtained from Coggeshall and maintained by 
intracerebral passage in baby chicks (Trager, 1941) was used, except in 
one experiment in which use was made of a sub-strain maintained in 
ducks ( Wolfson, 1940) . Mosquitoes were allowed to feed only on heavily 
infected chicks which showed abundant exflagellation and, in a stained 
smear, usually at least one gametocyte per oil-immersion field of the 
microvscope. 

The stock colony of A. aegypti has been bred continuously in this 
laboratory for 8 years. The adults are kept in a large cage supplied with 
a cotton pad moistened with water and another pad moistened with sugar 
solution and bearing a few crushed raisins. They are given a blood meal 
on a guinea pig twice a week. Eggs are laid on filter paper half immersed 
in a beaker of water. They are not used for breeding purposes until at 
least a week old. The larvae are reared in tap water to which suitable 
small amounts of dry powdered yeast and powdered milk are added daily. 

The susceptible strain “D/T the establishment of which will be 
described presently, is now maintained in the same manner, 

A stock colony of Aedes alhopicfiis, derived from eggs which were 
very kindly sent me by Dr. G. L. Orth of the Army Medical School and 
Dr. R. L. Laird at Johns Hopkins, is now kept going at a high level by 
the same methods used for A. 

For the selection experiments, a group of mosquitoes was alloAved to 
feed on a suitable chick. A number of the engorged females were then 
isolated in half-pint milk bottles, 1 5 per bottle. Each bottle contained 
water to a depth of 2 cm and a circle of 12.5 cm filter paper inserted 
vertically against the side of the bottle. This filter paper provided a 
foothold for the mosquito as well as a place on which it could lay its eggs. 
The bottle was covered with a piece of gauze having in its center a small 
cotton-plugged hole, through which the mosquito was introduced from the 
catching tube. A pledget of cotton soaked in sugar solution was placed 
on top of the gauze. This was moistened daily. Occasionally, a small 
amount of water had to be added to the bottle to replace loss by evapora- 
tion. Female A. aegypti isolated under these conditions laid eggs and 
usually survived the 10-14 days required for the experiments. Since 
A. aegypti eggs, if kept slightly moist, survive but do not hatch until 
immersed in \vater, the eggs were left with the parent female until the 
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latter had been dissected. On the basis of the dissection results, suitable 
batches of eggs were selected for further breeding. 

The stock and experimental mosquitoes were all kept in a greenhouse 
at temperatures of 30-32° C (usually 30-31° C). 


RESULTS 

The selection experiments . — In Table 1 are indicated results with 
all the selections which led to the establishment of stiain D, as uell as 
results with the offspring of other related females. A female was coti- 
sidered infected if it showed either oocysts or sporozoites. Ihe third 

Table L— Results of selective breeding for susceptibility, starting with stock Aedes 

aegypti females 


Gener- 

ation 


I 

II 


III 


IV 

V 


Group 

No. 


1 

2t 

3 

4 
5t 
6 

8 

9t 

10 

11 

12 


VI 


VII 

VIII 

IX 


VIII 

X 


13 

14t 

15 

16t 

17 

18t 

19 

20 
21t 
22t 

23 

24 

25 

26 

27 

28 


29t 

30 


Derived from in- 1 
fected $ no. — 
of group no. — * 

Number 

dissected 

Number 

infected 

Per cent 
infected 

Number 
with oo- 
cysts only 

1 : i 

2:1 

3:1 

1:2 

2:2 

3:2 

4,5,6 : 2 

1:5 

2:5 

1,2,3 : 8 

1-8 : 9 and 

27 

20 

13 

10 

10 

7 

11 

17 

15 

20 

12 

28 

3 

18 

7 

3 

6 

4 

4 

8 

12 

15 

5 

4 

11 

90 

54 

30 

60 

57 

37 

47 

80 

75 

42 

14 

2 

3 

4 

1 

0 

1 

1 

3 

4 

5 

0 

0 

1-6 : 10 

9:9 

10:9 

11:9 

12:9 ! 

7 : 10 

1:14 

1:15 

1:16 

2: 16 

1 : 18 and 1 : 21 
1: 19 

6 

7 

4 

> 9 1 

11 

7 

8 

3 

12 

3 

9 

2 

5 

3 

1 

■4 

7 

3 

6 

1 

6 

33 

71 

75 

90 

63 

57 

88 

100 

50 

33 

67 

nK 

0 

0 

0 

0 

0 

1: 20 

1 : 23 

2 : 23 

1 : 24 

1,2 ; 25 and 

4 

8 

2 

4 

13 

3 

5 

1 

1 

12 

i O 

62 

50 

25 

92 

0 

1 : 26 and 1 : 27 
Unselected — 

13 

12 

02 

0 

from 22 
Unselected — 

19 

17 

90 

0 

from 28 
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Zr+ 1 -.o lofh nf the colon refer to the female or females of 
* The number or numbers to the left or tne conm 

feVei^SuTliy to strain 0, 

column of the table gives the source of the parent female (or females) of 
each group of mosquitoes tested for susceptibility. It will be noted from 
Table 1 that with the first selected generation (generation II) there tv as 
already a marked increase in the percentage of susceptible individuals anc 
further selection did not produce any appreciable further increase. T ns 
result is very similar to those obtained by Huff (1929) wiA C. pipmis and 
P. cathemermm; by Storey (1932) with the leafhopper Cicaditlma nihla 
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and the virus, streak disease of maize ; and by Black (1941, 1943) with 
the leafhopper Aceratagallia sanguinolenta and the virus, potato yellow- 
dwarf. However, if unselected eggs were reared from the earlier genera- 
tions in the course of the selections, the resulting adults had about the same 
su.sceptibility as the original stock, whereas when unselected eggs were 
reared after VII or IX generations (groups 29, 30 of Table 1) the result- 
ing adults were highly susceptible. It was found in this study, just as 
Huff had found with C. pipiens, that the fertility of the mosquitoes ap- 
peared to diminish with continued inbreeding. By generation VI, the 
fifth selected generation, the eggs laid by several of the engorged, infected 
females (in a line not shown in Table 1) failed to hatch; and by genera- 
tion VII there were engorged females which laid no eggs. Many of the 
viable batches which were laid were very small. The females of group 28 
laid fairly numerous eggs, all of which M^ere combined to give group 30 
with a total of only about 60 or 70 adults. The females of group 30 were 
given blood meals on June 18, 21, and 24, 1940. They did not begin to lay 
eggs until June 23, although the stock A. aegypti regularly begin laying 
eggs 2-|:-3 days after their blood meal. Although a fair number of eggs 
was finally obtained, rather few of them hatched. Enough were reared, 
however, to give another generation of adults which again laid some eggs' 
But from these eggs only 2 females and a few males could be reared. One 
of the females was too weak to feed. The other one took two meals of 
human blood and laid a small batch of eggs 7 days after the first meal. 
None of these eggs hatched. Thus 8 generations of inbreeding reduced 
the fertility to such a point that further mixed breeding could not 
restore it. 

In group 22 the females were kept as long as possible in order to 
secure a maximum number of eggs. The 3 which were dissected repre- 
sent only the 3 last survivors, so that the unselected eggs used to give 
group 29 came from considerably more individuals than these 3. Since 
the fertility of this line also was obviously going down, selective breeding 
was discontinued. Eggs from group 29 gave only 12 females which took 
blood meals. By nursing these along, enough eggs were collected for the 
establishment of a small colony which was treated just like a stock colony 
(with freshly reared offspring added once in 10 days) for 6 weeks. Then 
a batch of females was fed on an infected chick. Out of 29 dissected, 18 
(62%) were infected. Eggs from 14 of these infected females were 
reared, and the adults so obtained (on October 11, 1940) were used to 
establish a new colony, now designated as strain D. No further selection 
has since been exercised. 

Tests of strain P.— From time to time small groups of females from 
this colony have been fed on chicks infected with P. lophnrae, and usually 
about 40-60% have became infected. In two tests, with chicks which 
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showed fairly, active exflageilation and about 1 ganietocyte per field, a 
considerably lower infection rate was obtained, but in both cases it was 
higher than in comparable groups of stock A. aegypti fed on the same chick 
at the same time. In one of these experiments none out of 20 stock A» 
aegypti and 4 out of 22 strain D A. aegypfi w^re infected. In the other 
experiment, 1 out of 24 stock A. aegypti, 4 out of 22 strain D A, aegypti, 
and 5 out of 16 A. alhopictus were infected. That the low infection rate 
obtained in these experiments may have been the result of gametocytes 
which were insufficient either in numbers or in infectivity is indicated by 
the unusually low percentage of infected A, alhopictus obtained in the lat- 
ter experiment. These were fed on the same chick used in this experi- 
ment for the two strains of -4. 

The most recent test, conducted in the early part of December 1941 
with comparable groups of the two A. aegypti strains and of A, albopictus, 
deseiwes description in detail. Since the larval stage of A. alhopictus 
takes a few days longer than that of A, aegypti, the eggs of this species 
intended for the experiment were hatched several days sooner. In this 
way, the adults of all 3 groups emerged within 3-4 days of each other. 
They were about 4-7 days old when they were allowed to feed on a duck- 
ling which was 4 weeks old and had been infected 5 days previously. 
From each group, 200 engorged females were isolated. Fifty from each 
group w’-ere dissected 10 days later, and both the stomachs and salivary 
glands examined. The results are summarized in Table 2. It is obvious 


Table 2 


* In all cases, the ooejrst figures include all oocysts found regardless of size and 
regardless of whether they contained black spores. 


that strain D, after more than a year of nonselective breeding, has retained 
its character of being considerably more susceptible to infection with P. 
lophurae than the stock from which it was derived. It is less susceptible 
than A, albopictus. Half of the infected A. albopictus had more than 20 
oocysts on the stomach wall, while only 2 strain D and 3 stock A. aegypti 
had more than 20. Of the total numbers which showed oocysts, more of 
strain D had 5-20 per stomach than of the stock. While the stock 


Mosquitoes 

used 

1 Number out of 50 which showed | 

Sporozoites 

1-5 oocysts* 

5-20 oocysts 

More than 20 
oocysts 



o 

s K 

’xV 

li 

W aj 

Oocysts with 
black spores 

Per cent in- 
fected with 
sporozoites 

A. aegypti — Stock . . 

15 

12 

7 

3 

I 7 

11 

30 

A. aegypti — Strain D 

31 

IT 

15 

2 

3 

28 

62 

A. alhopictus 

43 

10 

12 

' 

21 

0 

0 

86 
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showed 7 abortive infections (oocysts but no sporozoites), strain D 
showed only 3 and A, albopicUts none. It is also of interest that no 
oocysts containing black spores were noted in the A. alb o pic His group, 
whereas the majority of the infected individuals in both other groups had 
such oocysts. These results suggest that the mechanism of resistance 
may be effective not only against the zygotes, as shown by Huff ' (1934), 
but also against oocysts in later stages of development. Very heavy 
salivary gland infections were shown by 10 stock A, aegypti, 20 strain D 
A, aegypti and 36 A. albopictus. The salivary glands of these heavily 
infected individuals had a characteristic fragility and stickiness lacking 
in uninfected or lightly infected glands, and they could be readily recog- 
nized in the course of dissection under a low power dissecting microscope. 
This has been previously noted by Giovamiola (1933) in heavily infected 
salivary glands of 

The injection of chicks by sporosoites of P. lophurae. — This has been 
accomplished repeatedly, using 1- to 2-day-old chicks and sporozoites from 
either A, aegypti or A. albopictus. In one experiment a chick fed on by 4 
infected mosquitoes showed parasites IS, but not 11, days later. Another 
chick inoculated intracerebrally with the teased up glands of the same 4 
mosquitoes first showed infection at the same time. A chick inoculated 
intracerebrally with material from one infected albopictus showed para- 
sites after 23 but not after 19 days. 

Laird (1941) had difficulty in infecting ducklings with sporozoites 
of P. lophurae either by bite or by inoculation of infected A. albopictus. 
He did obtain transmission by both methods, but the infections which 
resulted were much lighter than those ordinarily obtained by blood inocu- 
lation. This fact is considered by Laird and by Wolfson (1941) to indi- 
cate that A. albopictus may not be a suitable vector for P. lophurae. In 
the present experiments, the infections obtained by sporozoite inoculation 
were also very light. But before drawing any conclusions it is important 
to consider the following facts. In routine blood inoculation of ducklings, 
millions or billions of parasites, suspended in their natural medium 
(blood) are introduced intravenously. In Laird’s experiments with 
sporozoites, unknown and probably very much smaller numbers of para- 
sites were introduced either into capillaries (by mosquito bite), or intra- 
muscularly (by injection) . It has been shown that at least 200 asexual 
parasites must be inoculated intracerebrally into a 1- to 2-day-oid chick to 
produce an infection apparent 11 days after (Trager, 1941). When the 
glands of one or a few mosquitoes are enormously diluted with saline, it is 
altogether likely that rather small numbers of viable sporozoites are 
actually injected. Hence it is not surprising that chicks inoculated intra- 
cerebrally with such material take about 10-15 days to show blood infec- 
tion. The light infections thus far obtained with sporozoite inoculation 
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may well be due to the fact that P. lophurae in general produces heavy 
infections only if very large numbers of parasites are injected. It is 
also pertinent to note that while one asexual parasite of P. cathcuicrium 
can infect a canary (Stauber, 1939), at least 200 sporozoites of the same 
species were required to produce infection (Rozeboom and Shah, 1934). 

DISCUSSION 

The experiments here reported confirm those of Huff (1929, 1930, 
1931, 1934), in showing once again, with a different genus of mosquito 
and a different species of Plasmodiiim, that the individual suscejitibility or 
resistance of a mosquito to infection by malaria parasites is a heritable 
characteristic. In addition, it has now been possible to establish a 
^^susceptible’’ strain and to maintain it in large numbers for comparison 
with the original more resistant stock from which it was derived. Huff 
concluded (1934) that his data indicated that susceptibility of Culcx 
pipiens to P. cathemernim behaved like a simple recessive Mendelian 
character. The data for Aedes aegypti do not support such a conclusion. 
In both cases, a precise genetic analysis is difficult because there is no 
direct way of knowing the susceptibility of the males. Such a genetic 
analysis has however been possible with 2 species of leafhoppers which 
transmit 2 different plant viruses. Here both males and females could 
be tested for ability to transmit. Storey (1932) developed by selection 
two races of CicadiiUna mhila, one able to transmit streak disease of maize 
and the other unable. The ability to transmit behaved as a simple sex- 
linked dominant Mendelian character. Black (1941, 1943) similarly ob- 
tained 2 races of AceratagaUia sangiiinolenta, able and unable respectively 
to transmit potato yellow-dwarf. However, hoppers able to transmit the 
virus appeared in colonies of the inactive race, even though all their 
ancestors for 10 generations had failed to transmit. The reverse situation 
was also obtained, suggesting that ability to transmit is controlled by mul- 
tiple characters. 

Naturally occurring or artificially produced strains of mosquitoes, 
differentiated on the basis of characters other than susceptibility, have in 
several instances been tested for their susceptibility to malaria parasites. 
Tate and Vincent (1934) found no difference in susceptibility to P. 
relictum of an anautogenous English and autogenous Greek, Hungarian, 
Maltese and cross-bred strains oi Culex pipiens. Anopheles elutus and 
A. macnlipennis were equally susceptible to infection with P. vivax and 
P, jalciparum, the greater importance of elutus in the transmission of 
malaria being the result of its greater preference for human blood 
(Barber and Rice, 1935) . A strain of A, quadrimaculatus from Tennes- 
see had the same degree of susceptibility to both P, falciparum and P. 
vivax as another strain from Florida (Boyd, 1941). Two strains of 
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A, quadriniaciilatiis produced by selection on the basis of larval markings 
were almost equally susceptible to infection with the monkey parasite 
P. cynomolgi (Coggeshall, 1941b). Thus, so far strains of the same 
species of mosquito differing in susceptibility to malaria pai*asites have 
been obtained only by selection for this particular character. 

SUMMARY 

By selective breeding from infected females, a strain of Aedes aegypti 
was produced which, after more than a year of mass, nonselective breed- 
ing, has maintained its character of being much more susceptible to 
infection with Plasmodium lopJmrae than the stock from which it was 
derived. 
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OBSERVATIONS ON THE LIFE HISTORY AND TAXONOMIC 
RELATIONSHIPS OF THE TREMATODE 
ASPIDOGASTERCONCHICOLA^ 



Charles O. Williams 

In 1827/von Baer described a trematode which he named Aspidogaster 
conchicola. The original material was from a fresh-water mussel of the 
genus Anodonta, from Prussia. This same species has long been known 
to occur in the pericardial and renal cavities of North American 
Unionidae, but most of the studies carried on by American investigators 
have dealt chiefly with morphology and distribution of the species. 
Kelly (1899) carried on extensive studies of the host relationships of 
this species in the Illinois River and Stunkard (1917) made a study of 
the general morphology which confirms and adds somewhat to the earlier 
observations by Stafford (1896). There has been but fragmentary in- 
formation concerning the development of this parasite of the Unionidae. 
Stafford (1896), Faust and Tang (1936), and others have made the 
suggestion that the life cycle is fundamentally direct, i.e., that the young 
worm develops directly into an adult, either in the same host individual 
which shelters the mature w^orni, or in another individual of the same or 
of a different species. The systematic position of Aspidogaster has long 
been in doubt. Whether it belongs in Monogenea, Digenea, or an inter- 
mediate group has been a controversial question. It is the object of this 
paper to trace the life cycle of this worm and to review critically the 
evidence as to its systematic position. 

In the present study, the process of hatching of the eggs of Aspido- 
gaster has been observed and, in natural infections, series of immature 
stages have been found representing fairly complete developmental stages 
all within the same host species. Aspidogaster conchicola therefore 
differs from the general pattern of host-parasite relationship among 
trematodes in that the entire life cycle occurs within an invertebrate host. 

Unionidae from the Sangamon River near Mahomet, Illinois ; from 
the Salt Fork, at Homer Park, Illinois ; and from the Wabash River at 
West York, Illinois, are the hosts of the Aspidogaster used in this study. 
A detailed list of the host species will be presented in another paper 

dealing more directly with relationships to the host. 

Received for publication, February 8j 1942. 

* A contribution from the Zoological Laboratory of the Uaiversity of Illinois, 
Urbana. These results, which were in preliminary draft when Ensign Williams was 
called into the armed services, have been edited by H. J. Van Cleave, under whose 
direction the research was conducted. 
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MORPHOLOGY OF ADULT 

The elongated body oi Aspidogaster conchicola is almost entirely 
covered on the ventral side by a large, alveolated sucker. The body of 
the worm, exclusive of the ventral sucker, is typically spindle shaped and 
during locomotion may be stretched to twice its normal length. The 
highly distensible mouth, located at the end of the neck, is surrounded by 
an oral sucker. The pharynx, posterior to the oral suckei-, is small, but 
in the living worm it may be seen opening and closing. The intestine, a 
blind sac which extends almost the entire length of the body, is un- 
branched but broadens slightly as it continues posteriorly. 

The genital pore, located in a slight depression at the union of the 
ventral sucker and the neck, is on the ventral surface of the neck and at 
the anterior end of the ventral sucker. A common genital atrium receives 
both the cirrus, within the cirrus sac, and the uterus. The small ovary 
is located in the ventral portion of the body. It lies slightly dorsal to 
the ventral sucker, about midway the length of that organ. The oviduct, 
leaving the ovary, continues toward the posterior end of the body. It is 
joined by the Laurer’s canal, the paired vitelline canals, and the Mehlis’ 
gland. When filled with eggs, the uterus is tightly coiled back and forth. 
Upon reaching the posterior end of the body it curves forward toward the 
anterior end to reach the genital atrium. The unpaired testis, somewhat 
larger than the ovary, lies along the ventral surface of the body, dorsal to 
the ventral sucker and posterior to the ovarv. Thp 
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of describing distinct larval stages is imposed by the fact that larval 
development is direct. 

In observing living adults of Aspidogaster conchicola, some of the 
uterine eggs may be observed to contain active embryos. Faust (1922, 
Plate XIV) has figured the hatching from the egg membranes of one of 
these, but the full development has not been traced pi'eviously. 

First Larval Stage.— L^on the emergence from the egg membranes, 
the larva (Fig. 1) is not a ciliated miracidium but is a young worm with 
rudiments of most of the adult structures alread}^ discernible. The 
operculate, embryonated egg is 128 to 134 p long and 48 to 50 p wide. 
Upon hatching, the larva is 130 to ISO p long and 50 to 55 p in diameter. 
The body of the newly-hatched larva as viewed laterally, is generally seen 
to be divided into three main divisions: anterior, middle, and posterior, 
each of which contains a primordium of some later structure. These 
divisions are not separated by actual walls or membranes, but are set ofif 
by external grooves. 

At the anterior end of the newdy hatched larva (first stage) a relatively 
large oral sucker is recognizable. The oral sucker and the pharynx, ex- 
tending posteriorly from it, are lined with contractile fibers, for the open- 
ing and closing of the sucker and pharynx are common occurrences in 
newly hatched individuals. 

The larval intestine is a cylindrical cavity located in the central di- 
vision of the body. As a general rule, it is smaller in diameter than the 
oral sucker. The intestine, together with the excretory bladders which 
lie on each side of it, at times cause the middle portion of the body to 
become distended. 

In the posterior division of the larva (Fig. 1 VS), the ventral sucker 
appears as an internal pocket or sac-like organ. In living larvae it con- 
tracts and expands. This pocket opens to the ventral surface of the body 
by a deep cleft which lies just anterior to the small tail-like projection. 
Surrounding the external opening are muscles which enable the larva to 
open or close the suckers. At this early stage of development the sub- 
terminal ventral sucker is capable of becoming attached to objects. Two 
newly hatched larvae under observation clung together by means of their 
ventral suckers for about 48 hours. The depth and width of the ventral 
sucker could not be obtained accurately in living specimens. The larvae 
W'^ere too active for camera lucida drawings, so it became necessary to fix 
the worms. Alcohol-formol-acetic (85 parts of 85% alcohol, 10 parts 
formalin, 5 parts glacial acetic) proved a desirable killing agent. How- 
ever, it was found that with all killing agents the pocket of the ventral 
sucker was somewhat distorted. 

The locomotor ability of newly hatched larvae is negligible. No 
swimming movements have been noticed. In fact, the suckers of the 
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newly hatched worm are immediately functional as organs of fixation. 
After several minutes of activity, larvae under observation have shifted 
their positions only a few microns. The conclusion may then be reached 
that either the larvae remain within the viscera of the same host individual 
throughout their entire life cycle, from egg stage to the adult, or they are 
transferred passively by water current from host to host. 

Second Lanml Stage . — Of the numerous immature individuals that 
have been observed, a second stage larva (Fig. 2) has been recognized. 


An adult Aspidogaster taken from the pericardial cavity of a mussel. 
Anodonta grandis, had a larva of the second stage, 272 p long and 48 u 
wide, clinging to the external lip of the oral sucker. When the larva was 
detached from the adult and placed on a slide, it moved like a leech, 
shitting the oral and ventral suckers. Even though this larva was only 
about 100 p longer than the newly hatched larva, its power of locomotion 
was pronounced, though it lacked ability to swim. 

The pharjmx and intestine of this larva were more highly developed 
than those of the newly hatched larvae. The ventral sucker was 64 p in 
diameter, as compared with that of the recently hatched larva which was 
40 p, and the oral sucker was 68 p in diameter. 

Third Larval Stage.-A third larva taken from the pericardial cavity 
of a mussel heavily infected with adults, was 880 p long and about 180 p 
wide. The oral sucker, when fully extended and attached to the sub- 
stratum of the container, was approximately 195 p in diameter. 

The shape of this larva is greatly modified from that of the previously 
described forms. Instead of the characteristic shape of newly hatched 
aivae in which the body seems divided into three vague divisions, this 
h.T/rrf constrictions. The oral sucker, more prominent 

than that of the younger larvae, is located at the end of a long neck-like 
structure, much as in the adult worm, though the ventral sucker has not 
yet attained the form and position characteristic of the mature worm 
_ Posterior to the oral sucker and situated in the neck, is the pharynx 
in shape identical with the pharynx of the adult. Just posterior to the 
p larynx is the sac-like intestine, which extends approximately three- 
ourths of the body length. In sagittal sections, masses of primordial 
germ cells were observed in this stage (Fig. 9) . 

Although the general body shape of this third larval stage is differ- 
ent from that of the newly hatched larvae, there are points of recognizable 
resemblance. _ In the first place, the positions of the oral sucker, ventral 
sucker, intestine, and rudimentary tail are much the same. In the very 
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young larvae, the ventral sucker is located in the posterior end of the 
worm, with the rudimentary tail just posterior to it (Figs. 6 and 7). This 
same arrangement is found in the later larval forms. The ventral sucker 
of the third larval stage (Fig. 10) bears only a slight resemblance to that 
of the adult worm. It has assumed larger proportions in this later larval 
fomi, for almost the entire posterior fourth of the worm is filled by the 
large sac-like sucker (Fig. 8) which extends ventrally from the dorsal 
level of the intestine, opening on the ventral surface (Figs. 6 and 7). 

The lips of this sucker have a muscular rim and do not spread out over 
any of the surrounding tissue. As the larva develops, this pocket gradu- 
ally becomes more shallow and the lips of the pocket begin to extend both 
anteriorly and posteriorly over the ventral surface of the worm. The 
greater extension of this outgrowth of the lips is anterior in direction. 

The body wall seems to have grown down over the increased ventral ' t 

sucker, for in this stage when the worm is attached by the ventral sucker, 

the body may be lifted free from the object to which it is attached, being ! h 

entirely supported by the ventral sucker. In recently hatched larvae 

(Fig. 1), the entire ventral surface of the worm is in contact with the 

floor of the containing vessel. In the first and second larval stages, only - d 

a circular ring of muscles is seen as the external part of the sucker. The yj 

third stage represents a transition toward conditions in the adult worm, 

where a foot-like ventral 'sucker has no opening but is made up of numer- j- 

ous alveoli spread over the ventral surface of the body. 

Fourth Larval Stage . — A fourth and more advanced larval stage ' 

(Fig. 3) was found in the pericardial cavity of a heavily infected mussel. 

Body shape and structure, as well as the use of external parts, were almost 

identical with those of the adult. The larva was from 1200 to 1400 p 

long when extended and about 320 p wide. The ventral sucker was ! 

about 560 p long and 320 p wdde. The oral sucker was larger and a 

little more prominent than in the preceding larval stage just described. ; 

It was no longer of major importance in locomotion. v 

The ventral sucker was in the last stages of metamorphosing from an 
invaginated pocket-like sucker, of which the greater part was contained ; 

inside the body, to the ventral sucker external on the body of the adult 
(Fig. 4). The position and general outline of the ventral sucker of this 
larva were identical with those of the adult but the alveoli were not yet . 

fully formed. As the evagination of the ventral sucker continued, the , ' 

portion spread out over the ventral body surface began to take on the 'y; 

general characteristics of the adult structure. In some individuals of ";;'i 

the fourth stage larva, the tw^o median rows of alveoli were not yet formed, .h; 

but the boundaries of the lateral rows were distinct. Near the posterior 
end of the ventral sucker, a slit-like opening of a shallow pit was recog- ![(fi 

nized (Fig. 5) as a vestige of the orifice of the deep internal sucking cup 
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of the earlier larval stages. The opening of the pit did not extend com- 
pletely across the sucker laterally, but stopped short of the margin of the 
sucker on both sides. The slit-like opening of a living worm was in the 
shape of a quarter-moon. The boundaries of the lateral rows of alveoli 
could be seen extending up to the rim of the pit, then extending very 
faintly across the bottom of the depression, and finally reappearing on the 
other side. The posterior rim of the pit did not extend to the posterior 
end of the sucker, but stopped just short of it. At times the worm would 
curl the posterior tip of the sucker forward, in this manner deepening and 
enlarging the pit (Fig. 9). This was noticed especially whenever the 
worm had lost its anchorage and was securing a new attachment. Crawl- 
ing in this larva was at a I'elatively much slower rate than in the pre- 
viously described stage. The oral sucker no longer assisted in locomo- 
tion, except whenever the ventral sucker became detached. Then the 
oral sucker would fasten itself until the ventral sucker could regain its 
attachment. 

The excretory system of this larva was well developed. Numerous 
flame cells were observed and the main branches as seen in the adult 
were present. The large loops of the excretory tubules in the region of 
the pharynx were particularly evident. These extended posteriorly, one 
on each side of the body in the region of the attachment of the ventral 
sucker to the body proper, where each ended in an excretory bladder. 
These bladders were separated by a much longer partition than are the 
bladders of the adult. The bladders were connected to the exterior by a 
very short common canal. At times, muscles in this region contracted 


Table 1. — Comparison of various stages in the development of Aspidogaster 
conchicola. All measurements of living, active zvorms 
are expressed in microns 



i Dimensions 

Oral 

sucker 

diam- 

eter 

Ventral 

sucker 

diam- 

eter 

Description of ventral 
sucker 

Stage 

Length 

Diam- 

eter 

Adult 

Embryo- 
nated egg 

2500 

to 

2750 

128 

to 

134 

1150 

to 

1225 

48 

to 

50 

290 

554 

Composed of four rows 
of rectangular alveoli. 
Covers ventral surface. 

Stage I 

130 

to 

150 

50 

to 

55 . 1 

44 

40 

Deep sac-like organ near 
posterior end of larva. 

Stage 11 

! 275 ■ 

50 

. 68 

64 

Deep sac-like organ. 

Stage III 

880 

to 

9G0 

175 

to 

180 

195 

205 

Sac-like organ beginning 
to evaginate. Not as 
deep as in Stage II. 

Stage IV 

1200 

to 

1440 

320 

275 

320 

Lateral alveoli appear, 
median not yet fully 
formed ; only shallow 
pit remains of sac-like 
ventral sucker. 
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and caused a portion of the external body wall to be slightly invaginated. 
During these periods of contraction the external pore was greatly en- 
larged and the connections of the bladders with it were visible. After 
discharge, the bladders were smaller but as excretory products poured 
in, the bladders again became distended. This distention continued for 
a time, and then the waste products were forced out through the external 
pore. The smaller excretory tubules were ciliated and structurally seemed 
to be identical with those of the adult. Inside the bladders were crystal- 
like particles, slightly brownish in color, which shifted positions every 
time the bladders contracted. These particles were not connected to the 
walls of the bladders, but they were not forced out through the excretory 
poi'e. 

SYSTEMATIC POSITION OF Aspidogaste7‘ 

The systematic position of the group to which Aspidogaster conchicola 
belongs has been in doubt for many years. The genus has been con- 
sidered by some workers as belonging to the Monogenea ; by others, to 
the Digenea (e.g., \¥ard, 1918) ; and yet by other investigators (Faust 
and Tang, 1936: 498-499), as representing a group intermediate in 
position between the Monogenea and the Digenea. These worms are 
in all probability not Monogenea, for they lack posterior sucking discs 
and chitinous hooks or anchors ; the excretory pore is single and posterior 
in position rather than paired anteriorly ; and their digestive tract is 
always rhabdocoele in type. At the same time, there is no evidence that 
they have an alternation of genei*ations, a prerequisite for typical 
Digenea. Inside the uterine egg is a fully developed embryo, which 
breaks through the opercular opening to proceed with its development. 
This larva is not a miracidium, as characteristic for the Digenea, for it 
possesses the fundamental organization of the adult. It develops directly 
into an adult, either in the same host or in another individual of the same 
or different species. Parasitized Unionidae when ingested by cold- 
blooded vertebrates such as fishes, frogs, or turtles, may liberate their 
worms in the stomach or intestine of the vertebrate. In the worms with- 
standing digestion, a potential second host becomes annexed to a 
primitivel}' simple life cycle. 

My findings concerning the life cycle of Aspidogaster conchicola give 
added support to the contention of Faust and Tang (1936) that Aspido- 
gaster represents a subclass intermediate between the Monogenea and 
the Digenea to which the name Aspidogastrea may be applied. 
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Abbreviations 

X — ^groove in ventral sucker 
I— intestine 
P— pharynx 
Rt— rudimentary tail 
VS— ventral sucker 
OS— oral sucker 
PGS— primordial germ cells 

in clSte stained whole 

Fig. 2. Lateral view of larva (advanced second stage), showing ventral 
somewhat twisted to left so as to show opening. 

yentrfl view of late larva (fourth stage), showing slit-like ooei 
the shallow pit in the ventral sucker. sin hkc opei 

Fig. 4. Sagittal section through fourth stage, to one side of median 
showing location of groove (X) as ventral sucker migrates along the veiUra 

through ventral sucker of advanced second or 
ird stage, showing shape and position of slit-like opening of ventral sucker i 

ventral to ^ ^et^tion is 

\entrai to rigure o on the same Specimen. 

Fig. 8. Sagittal section through third stage, showing ventral sucker an( 
like opening; to one side of median plane. 

section through third stage, near median plane, showinc 
tial sucker, sht-hke opening of ventral sucker, and posterior tip of ventrSl ' 
which may be curW downward to increase depth of pocket of ventral sucker. 
Fig. 10. Sagittal section through third stage, in median olane 






THE USE OF ROENTGEN RADIATION IN LOCATING AN 
ORIGIN OF HOST RESISTANCE TO TRICHI- 
NBLLA SPIRALIS INFECTIONS* 

A. J. Levin and T. C. Evans 

Departments of Zoology and Radiology, State University of Iowa, 

Iowa City, Iowa 

It has been demonstrated by Ducas (1), McCoy (2, 3), and Fischthal 
(4), and in experiments included in this investigation, that rats once 
infected with Trichinella spiralis may be highly resistant to subsequent 
infections. Trichinella infections consist of a primary intestinal phase 
and a secondary muscle invasion. The question has arisen as to whether 
the host resistance to re-infection is elicited by the penetration of the adult 
parasites into the intestinal mucosa, the migration of the larvae to the 
muscles, or both phases. This series of experiments was designed for the 
purpose of locating the origin of the resistance, and to demonstrate the 
use of roentgen radiation as a tool in resistance studies. 

Tyzzer and Honeij (S), in 1916, Schwartz (6), in 1921, and Semrad 
(7), in 1937, demonstrated that radium or roentgen irradiation of 
Trichinella larvae, before feeding to a suitable host, would either destroy 
the larvae before they grew to maturity in the intestine of the host or 
else prevent the formation of young in the adult female worms that did 
develop. The extent of injury to the parasites was apparently propor- 
tional to the dosage of irradiation. The present authors (8, 9), employ- 
ing quantitative methods, have determined the range of dosages of radia- 
tion which allows the trichina larvae to grow to maturity in the intestine 
without producing offspring. In this way, an intestinal infection without 
the consequent muscle invasion could be achieved. The aim of the 
present experiments is to determine wiiether an intestinal infection alone 
will jmoduce resistance to a second infection of trichina. 

MATERIALS AND METHOD 

Trichinella larvae w^ere removed from infected stock rats by pepsin 
digestion, and doses of approximately 4,000 larvae for each experimental 
rat were counted out by the dilution method. These larvae w^ere trans- 
ferred to small, celluloid dishes and irradiated with a given dose of 
roentgen radiation, either 3,250 r, 3,500 r, or 3,750 r (H.V.L. ca. 1.5 
mm ah, 427 r/m), and then fed to rats of the same age, with no previous 
infections. These w^ere divided into three groups of six rats each, and 

Received for ixibli cation, February 23, 1942. 

* Aided by grants from the Committee on Radiations of the National Research 
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one group of four rats. The group of four rats (Group I) was set up 
as a re-infection control. These rats received one infection of unirradiated 
larvae from the same source as the larvae used to re-inf ect the rats in 
Groups II, III, and IV. 

Two weeks after the initial infection, all of the rats in Group II re- 
ceived re-infections of Trichinella which had not been irradiated, to deter- 
mine whether a resistance to a second infection had developed. Half of 
the rats received a dose of approximately 2,500 larvae; the other half 
a dose of about 10,000. One week later (three weeks after the initial 
infection), the same procedure was carried out with the rats in Group III. 
On the fourth week after the initial infection, this procedure was again 
repeated with the rats in Group IV. Two controls (initially infected 
with unirradiated larvae from the same source as the larvae irradiated 
for experimental infections) were included in each group. 

Two months after the last re-infection, the rats were killed, and 
dilution counts were made of the larvae removed from the rats’ muscles 
by pepsin digestion. 

RESULTS 

The first problem to be met in designing these experiments was 
that of selecting the proper dosage of roentgen radiation. The desired 
dosage is that which will least affect the development of the Trichinella 
adults in the host intestine, while at the same time inhibit the formation 
of larvae destined to invade the muscle. Thus, an intestinal infection 
without the consequent muscle invasion can be accomplished. 

After a few preliminary experiments had been performed, it was 
evident that the proper dosage would be somewhere in the neighborhood 
of 3,500 roentgens. Several experiments were then carried out using 
dosages of from 2,000 to 4,000 r, and the results are shown in Table 1. 
No second infections were given in these experiments. Based upon the 
evidence in Table 1, it was decided to use three dosages of radiation 
(3,250 r, 3,500 r, 3,750 r) for re-infection experiments in order to cover 
possible variations in the Trichinella larvae, in the host rats, and in the 
irradiation. However, it seems that all three dosages were equally ef- 
fective in creating only intestinal infections. 

The data in Table 2 are a summary of the results obtained by re- 
infecting rats with untreated larvae after they had first been given irra- 
diated ones. Group I includes the re-infection controls, set up to test 
the viability of the larvae used for re-infection. The ratios given are 
an expression of the number of larvae recovered from the hosts’ muscles ^ 
divided by the number of larvae that caused the infection. 

Group II includes the animals that were re-infected two weeks after 
the initial infection with irradiated larvae, the dose of radiation being 
indicated in the next column. The first two cases in this group, where 
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the initial infection larvae were not irradiated, serve as controls to con- 
firm the findings of Ducas (1), McCoy (2, 3), and Phschthal (4); 
namely, that one infection causes a resistance to subsequent parasitic 
invasions* Our results are in accord with those of the above investigators. 

In the two control cases marked with double asterisks the low 

number of larvae recovered from the host muscle may be explained by 
the fact that the stock rat which served as the source of infective larvae 
was in the refrigerator for several days before the larvae were digested 

Table 1.— Da/a from single infections each with approximately 4,000 irradiated 
Trichinella larvae. Rats of Group I {intestine) were sacrificed 5 
days after infection. Rats of Group II {muscle) 
sacrificed after 2 months 


Intestine (Group I) 

Radiation 

Muscle (Gi'oup II) 

No. adults 
recovered 

Ratio* 

dose 

(roentgens) 

No. larvae 
recovered 

Ratio* 

2,970 

0.7 

0 

610,000 

152.5 

1,970 

0.5 

0 

495,000 

123.7 

2,200 

0.5 

0 

750,000 

163.0 

2,110 

0.5 

0 

675,000 

162.2 

1,629 

0.4 

0 

t 

t 

1,801 

0.4 

0 

t 

t 

1,625 

0.4 

0 

t . 

t 

1,900 

0.5 

0 

A 

i 

t 

2,200 

0.5 

0 

179,000 

43.41: 

1,550 

0.4 

2,000 

50,500 

12.6 

1,475 

0.3 

2,000 

3,100 

0.7 

2,010 

0.5 

2,000 

2,250 

0.6 

2,280 

0.6 

2,000 

t 

t 

2,475 

0.6 

3,000 

564 

0.1 

700 

0.1 

3,000 

4. 

<0.1 

2,200 

0.5 

3,000 

23 

. <0.1 

2,085 

0.5 

3,000 

^ t 

i ■ 

1,300 

! 0,3 

3,250 

1 

<0.1$ 

1,900 

0.4 

3,500 

2 

<0.1 

196 

<0.1 

3,500 

3 

<0.1 

940 

0.2 

3,500 

t 

1 ■ . t 

2,700 

0.6 

3,500 

18 

< 0.1$ 

0 

0.0 

3,750 

8 

<0.1 

340 

<0.1 

3,750 

t . 

t , 

1,500 

0.4 

3,750 

9 

< 0.1$ 

0 

0.0 

4,000 

5 

<0.1 

135 

<0.1 

4,000 

t ■ 

t 

10 

< 0.1 

4,000 

7 

<0.1 


* The ratio expresses the number of worms recovered divided by the number of larvae 
fed to the rats. 

t These rats were destroyed through accident. 

t The larvae used for infection in these cases were from the same source as those 
used for the re-infection experiments similarly marked ($) in Table 2, 

< 0.1 = less than 0.1. 

out. Since these larvae were the only ones available at the time, they 
had to be used. It seems to have made no difference as far as setting 
up resistance in the experimental animals. Some of the larvae may have 
been devitalized, as the number of worms recovered in each of the tw^o 
cases is small. However, the larvae used for the second infection were 
not refrigerated and produced a heavy infection in a rat not previously 
treated (Table 2, Group I, initial infection 9,600). Thus, the small 
number of worms recovered in these two control cases indicates that the 
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initial, and not the second infection is reflected in tlie number of larvae 
in the muscles. This is in accord with the data compiled by Diicas (1), 
McCoy (2, 3), and Fischthal (4). In computing ratios of these and 
other controls in Groups III and IV, Table 2 (0 irradiation) , the number 
of larvae recovered is divided by the number of larvae used for the initial 
infection (or the larvae causing the infection). 

However, in computing the ratios for the experimentals, the number 
of larvae recovered from the muscles was divided by the number of larvae 
re-infected because the data from Table 1 indicate that the initial dose 



Table 2.— 

-Data from re- 

■infection ex pc 

Hinenfs 



Initial 

Radiation 

Re-infection 

No. muscle 


Grouj) 

infection 

do.se 

dose 

larvae 

Ratio* 


(larvae) 

(roentgens) 

(larvae) 

recovered 


I 

9,600 



411,000 

42.8 

(re-iufccfion 

2,500 



165,000 

66.0 

control ) 

2,920 

.... 


(Note a) 



4,120| 



179,000 

43.4 

II 

3,900 

0 

9,920 

16,000 

*!iS 

(re-infected 

3,900 

0 

2,480 

44,000 

* Ji! 

2 week.s after 

3,900 

3,250 

9,920 

30 

< 0.1 

initial in- 

3,000 

3,250 

2,480 

1,017 

0.4 

feed on) 

3,900 

3,500 

9,920 

3,682 

0.4 


3,900 

3,500 

2,480 

846 

0.3 


3,900 

3,750 

9,920 

75 

<0.1 


3,900 

3,750 

2.480 

103 

<0.1 

III 

3,900 

0 

10,000 

147,000 

37.7 

(re-infected 

3,900 

0 

2,500 

149,000 

38.1 

after 3 

3,900 

3,250 

10,000 

115 

< 0.1 

weeks) 

3,900 

3,250 

2,500 

27 

< 0.1 


3,900 

3,500 

10,000 

23 

< 0.1 


.3,900 

3,500 

2,500 

230 

<0.1 


3,900 

3,750 

10,000 

2,800 

0.3 


3,900 

3,750 

2,500 

58 

<0.1 

IV 

4,120$ 

0 

10,220 

157,000 

38.1 

(re-infected 

4,120$ 

0 

2,920 

276,000 

67.0 

after 4 

4,120$ 

3,250 

10,220 

45,000 

4.4 

weeks) 

4,120$ 

3,250 

2,920 

5,200 

1.8 


4,120$ 

3,500 

10,220 

847 

< 0.1 


4,120$ 

3,500 

2,920 

36,500 

12.5 


4,120$ 

3,750 

10,220 

4,000 

0.4 


4,120$ 

3,750 

2,920 

30 

< 0.1 


trichinosis three weeks after infection. 

The ratio expres.ses the number of larvae recovered from the muscle divided bv 
larvae causing the infection. Refer to Results. 

** ^explanation of the.se two cases will be found in Results, 
rtc, 1 ^ larvae used for the initial infection in these cases are from the same source 
as the larvae similarly marked ($) in Table 1. 

< 0.1 = less than 0.1. 

of irradiated larvae are not responsible for the trichinae recovered from 
the muscles, provided the irradiation dose is large enough to destroy all 
the germ ceils in each female. This apparently happens with irradiation 
doses above 3,250 r (Table 1). 

The re-infection doses (Table 2) were divided into light (2,500 
larvae) and heavy doses (10,000 larvae), to determine if a heavy infec- 
tion would break down this intestinal resistance. No appreciable differ- 
ence in resistance against light or heavy doses was noted. 

DISCUSSION 

In 1916, Tyzzer and Honeij (5) treated TTichiiwllcL larvae encysted 
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in muscle with radium and found that these irradiated larvae ])roduccd 
no infection in mice. Schwartz (6), in 1921, irradiated triduna larvae 
encysted in pork, and then fed the pork to rats. He observed tliat the 
irradiation either destroyed the larvae befoi'e they grew to maturity in 
the intestine of the host, or prevented the formation of young in the 
adult female worms. This was due, he stated, to the fact that the X-rays 
exerted a selective action on the sex cells of trichina without necessarily 
afifecting the other vital organs. The sex cells of the adult appeared to 
be atrophied, no spermatozoa were found in the receptaculum seminis of 
the females, and no evidence of successful copulation could be found. 

Seiiirad (7), in 1937, repeated these experiments, using more exact 
doses of roentgen radiation. He found that as the dose of radiation was 
increased, from 400 r to 2,000 r, the average number of larvae in 12 
square millimeters of diaphragm decreased markedly. The present au- 
thors (8, 9) repeated Semrad’s experiments, using a greater range of 
radiation, and recovery of larvae in all of the muscle tissue. The same 
trend was found to be true. In addition, it was found that by selecting 
a certain range of radiation (3,2v^0 r to 3,750 r) it was possible to obtain 
survival of the larvae in the intestine, and at the same time prevent any 
material number of offspring from being produced. To determine if an 
intestinal infection alone could grant host resistance to a second infection, 
rats (infected with an initial dose of irradiated larvae) were re-infected 
with untreated larvae. From the data summarized in Table 2, it is evi- 
dent that a definite resistance to a second infection of Trichinella is 
produced in rats by the initial feeding of irradiated larvae. 

It appears that the acquired immunity to ceitain helminths is directed 
largely against the intestinal phase of the parasite, and the mechanisms 
involved may be an increased secretion of mucus and increased peristalsis 
(McCoy, 3; Ackert, 12). Several workers have failed to demonstrate * 
a passive immunizing action of infected host serum and most of these, 
McCoy (3), Chandler (10, 14), and Spindler (11), consider the im- 
munity as being localized in the intestine. Other investigators such as 
Sheldon (15), Sarles and Taliaferro (16), Culbertson and Kaplan (17), 
Culbertson (18), and Bachman (19) believe that the initial infection 
produces a generalized immune response characterized by the pimduction 
of antibodies. While the scope of this paper does not permit a discussion 
of the different aspects of the subject of immunity, the data presented 
herein indicate that the passage of larvae through the vascular system and 
the invasion of the muscles are not necessary for the development of a 
resistance to a second infection mith Trichmella spiralis. Further infor- 
mation on the possibility of the production of a generalized immune 
response might be gained by resistance studies on parabiotic rats in which 
one of each pair was first infected with properly irradiated larvae. 
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As a practical application of the procedure employed herein, the 
authors wish to suggest the possibility of making young pigs resistant 
to trichinosis (by feeding them with properly irradiated 
larvae) as a means of eradicating human infection. Account should be 
taken of the differences in reaction to the parasite on the part of the pig 
and rat hosts, so that further careful investigation should be carried on 
before applying any of the irradiation and larvae doses (as given here) 
on a large scale. Although the technical difficulties involved present 
obstacles, the authors do not feel that they are unsurmountable. 

The inhibition of the reproductive capacity of parasites by roentgen 
radiation seems to be a very effective method of studying host resistance 
niechanisms, and its application to other parasitic forms is worthy of 
further investigation. It may be noted that Waxier and Herrick (20) 
have achieved success in immunizing chickens against coccidiosis with 
this method. Waxier and Herrick speak of this irradiation effect as 
attenuation, but further work is undoubtedly needed to determine the 
exact mechanisms involved. Their procedure has certain similarities to 
the experiments herein reported, and the results might possibly be due 
to the inhibition of reproductive stages of the parasite following the 


SUM'MARY '■ 

1. It is possible to tv^zt Trichinella spiralis larvae with roentgen radia- 
tion before infecting rats, so that the larvae grow to maturity in the 
intestine but produce no offspring. In this way, an intestinal infection 
without the consequent muscle invasion can be achieved. 

2. This intestinal infection alone will produce strong host resistance 
to a second infection of Trichinella, 

3. Since an intestinal infection alone will produce resistance to a 
second infection, it is concluded that the origin of a mechanism of host 
resistance to Trichinella is located in the intestine. 

4. Theoretical and practical considerations of intestinal resistance are 
discussed, and suggestions are made for further investigations. 

5. The use of roentgen radiation as a tool for the study of host re- 
sistance to parasitic infections is urged. 
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REMARKS ON THE TAXONOMY OF SOME AMERICAN 
CHIGGERS (TROMBICULINAE) , INCLUDING 
THE DESCRIPTIONS OF NEW 
GENERA AND SPECIES 

H. E. Ewing 

Bureau of Entomology and Plant Quarantine, U. S. Department of Agriculture 

Chiggers are parasitic larvae of mites of the subfamily Trombiculinae 
and infest vertebrates exclusively. They are distributed throughout 
most of the temperate and tropical regions of the world. Up to the 
present there have been reported from the Western Hemisphere 10 valid 
genera and 76 valid species. To this number there are here added four 
genera, two of which are new, and seven species, all being new. There 
probably remain to be described from the New World at least twice as 
many genera and species as have been already reported. 

THE PROPER SCIENTIFIC NAME FOR THE COMMON NORTH 
AMERICAN CHIGGER 

For many years the common North American chigger was known by 
the scientific name Leptus irritans, given to it by C. V. Riley (1873). It 
was pointed out by Oudemans (1937), however, that the name Leptus 
irritans had been used previously by Lucas (1847) for a *'patatta” mite, or 
chigger, occurring in Brazil, Following this disclosure the writer 
(Ewing, 1938a, p. 26) reviewed the synonymy of the species and came to 
the conclusion that alfred-dughi (Oudemans) was the oldest valid name 
for irritans Riley. 

When the writer’s key to the genera of chiggers was published 
(Ewing, 1938b), aljreddtigesi, which had been described under the generic 
name Microtromhidhim znd which for some years had been placed in 
Tronibimla, w 3 ls made the type species of a new genus, Eutrombicnla, 
Thus the scientific name of our most common and best known chigger 
became Eutromhkida aljredd%igesi (Oudemans). But Oudemans has 
recently proposed Leptus rileyi (Oudemans, 1939) as a new name for 
Leptus irritans Riley. This not only was unnecessary, since there already 
existed several synonyms of Riley’s species, but became confusing since 
some workers adopted his new name as the proper one to apply to Riley’s 
vrrit(msMih& present time. If Oudemans were correct in not recogniz- 
mg his alfreddugesi as being the same as Riley’s irritans, then the proper 
name to apply to the latter species w^ould probably be my cinnaharis 
(Ewing, 1921, p. 387) which undoubtedly is the same as Riley’s irritans 
but may not have priority over Hirst’s similis (Hirst, 1921). xAlthough 
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the printed date for cinnabaris is December 1920, the actual date of publi- 
cation was some time ill 1921. The writer sees no good reason for not 
using the specific mmt alfredditghi ior Riley’s irritans, 

THE STATUS OF Tromblcula hvrsti sambon 

Sambon (1927) described under the above name a man-infesting 
chigger from North Queensland, Australia, known locally as ‘'the scrub 
itch-mite.’’ According to the description and excellent drawings (made 
by Terzi) of this species it agrees with our North American aljreddugesi 
in all respects except one, i.e., the inner prong of the palpal claw in hvrsti 
is stouter than the outer, while in aljreddughi the reverse is true. 

Womersley (1939) regards Sambon’s species as only a synonym of 
Tromhicula minor Berlese, the genotype oi Trombictda, He states: “I 
have now received fi'om Dr. W. G. Heaslip an adult female {oi Trombi- 
C’ula hirsti v. buloloensis Gunther) found at Innisfail in Queensland, 
December, 1939, which also corresponds to Berlese’s species (TrombL 
ciila minor). As the only larval Tromhicula known from Queensland is 
T, hirsti Sambon, the common itch-mite of that State, the above correction 
is further confirmed.” If this synonymy is correct, Entro^nbicula Ewing 
becomes a synonym of Tromblcula Berlese, and the Japanese chigger, 
Tromhicula akamushi (Brumpt), and the autumnal chigger of Europe, 
Tromhicula aufumnalis (Shaw), belong to Lepfofrombidium Nagayo and 
other authors, since both species have a trifurcate palpal claw. 


A QUILL-INFESTING CHIGGER 

Torres and Braga (1938) have described a Brazilian chigger of un- 
usual habits. This chigger, which has the common name of “micuim”. 
was placed in a new genus, Apolonia, and described as new, being given 
the name tigipioensis. According to the authors, the chigger enters the 
quills of very new feathers of chickens and produces nodules and lesions. 
They give a photograph of a fowl showing the presence of these nodules 
on the upper part of each leg. 

Torres was in Washington recently and left with this writer a sample 
of one of these nodules and many infested quills for study. The nodule 
was about one-half the size of a pea and each infested quill had broken off 
near its base. In the short, broken-off, basal part of each was found a 
single chigger. The chigger usually completely filled the lumen of the 
quill at the latter’s base, and always was oriented so as to face the basal 
end of the quill. 

Several of the specimens left by Torres have been cleared and mounted 
in a modified Berlese mixture. They exhibit the essential taxonomic 
characters of Apolonia tigipioensis, as given by Torres and Braga. If 
this quill-infesting chigger spreads to other countries, it may become a 
poultry pest of major importance. 
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THE NATURAL AFFINITIES OF Apolonia 

111 a second paper, Torres and Braga (1939) have placed Apolonia 
next to Leeuwenhoekia Oudemans in a key adapted from Ewing (1S129, 
p. 22), In this they are correct, according to the opinion o£ the writer. 
Even in the revised key to genera (Ewing, 1938b), this new genus should 
be placed next to Leeinvenhoekia. It differs from the latter particularly 
in the loss of the posterolateral setae of the dorsal plate. 

Paraschongastia 

Woniersley (1939) proposed a new genus, Paraschongastia, for four 
New Guinea species of N' eoschongastia, but failed to name a genotype. 
According to his diagnosis of Paraschongastia, the contained species differ 
from the remaining ones of N eoschongastia particularly “in that there is 
a distinct raised crest in front of the pseudostigmata.’’ Some of our 
American oi N eoschongastia are very close to those included in 

Paraschongastia, 

NEW GENERA AND SPECIES 

There are here described two new genera and seven new species 
of chiggers. One of the new species, Schongastia lynni, probably will be 
made the type species of a new genus in the future, when more material 
is obtained. All the specimens of this species at hand are injured, in that 
the pseudostigmatic organs have been detached. 

Schongastia lynni n. sp. 

(Figs. 1, 2) 

Chelicera obliquely flattened at distal end so as to form a posteriorly directed 
process which is toothed on its margin ; ventral tooth large, flattened, directed back- 
ward. Palpus not elbowed but rounded laterally ; first seta with 2 to 4 short, lateral 
branches; second seta either simple or with a single, short, lateral branch; palpal 
claw slightly cleft distally, forming 2 small, sharply pointed, lateral prongs closely 
appressed to the much larger middle element. Eyes of a side situated on a poorly 
sclerotized ocular plate; anterior eye slightly smaller than posterior and either 
granular or pigmented underneath cornea. Dorsal plate about twice as broad as long 
and shaped as showm in Fig. 2 ; setae all slightly curved and indistinctly barbed, the 
median and posterolateral subequal and longer than the anterolateral ; pseudostigmatic 
organs detached from each specimen. Dorsal abdominal setae about 30, slightly 
curved, indistinctly barbed. The shoulder pair present, followed by a transverse row 
of 6, then a transverse row of 4, the remainder not arranged in distinct rows. Legs 
of moderate length, each composed of 7 segments and provided with the usual tarsal 
armature. 

Length of partly engorged larva, 0.63 mm; width, 0.41 mm. 

Type host . — “On frog.” 

Type locality . — Blue Mountains, Jamaica, West Indies. 

Type slide (holotype). — U. S. N. M. No. 1412. 

Description based on four specimens taken by Dr. Lynn. This species 
has the chelicerae of Hannemania and the dorsal plate of several other 
genera. It would have been assigned a new genus if the pseudostigmatic 
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organs had not been detached from every specimen. The writer has been 
very reluctant regarding the establishment of a new genus upon a species 
all known representatives of which are without a certain structure of 
generic value. In the case of 5'. lynni, the loss of the pseudostigmatic 
organs deprives us of one of the most important generic characters and 
makes it impossible to place a new genus, established on it, properly in a 
key. 

Tromhicula rohweri n. sp. 

(Fig. 3) 

Chelicera short, stout; dorsal and ventral tooth each very sharp and barblike. 
Palpus subangulate laterally; first and second palpal setae plumose; inner prong of 
palpal claw usually more slender, less curved, and more closely appressed to middle 
one than outer prong ; middle prong longer and stouter than the other 2. Eyes 2 on 
each side, subequal, situated on a thick, strongly sclerotized, ocular plate ; anterior eye 
with granulations and pigment. Dorsal plate (Fig. 3) minutely pitted except along 
anterior margin and about the base of median seta ; behind each pseudostigma is a 
transverse ridge which may possibly be accompanied by a concealed transverse slit. 
Dorsal abdominal setae 36 to 40, curved, weakly plumose, arranged in irregular 
transverse rows. Legs of medium length, seven-segmented ; coxae each with enlarged 
and heavily sclerotized distal margin. 

Length of partly engorged larva, 0.47 mm ; width, 0.30 mm. 

Type host. — Eastern house wren, Troglodytes aedon acdon. 

Type locality. — Handsboro, Mississippi. 

Type slide (cotypes). — ^U. S. N. M. No. 1413. 

Description based on four cotypes taken February 14, 1940, by G. G. 
Rohw^er. 

This species is closely related to T. oregonensis Ewing, from which 
it differs in having a much narrower dorsal plate and a transverse ridge 
behind each pseudostigma. It differs from T. calif ornica n. sp., in having 
the first palpal seta plumose instead of simple. 

Trombietda caliiornica n. sp. 

(Figs. 4, 5) 

Chelicera short, stout; dorsal and ventral tooth each a minute barb. Palpus 
not angulate laterally; first and second setae rather short, simple; outer prong of 
palpal claw usually stouter than inner and not so closely appressed to the middle 
prong, which is the largest and most strongly curved of the three. Eyes 2 on each 
side ; situated on ocular plate ; anterior eye slightly smaller than posterior and some- 
what granular under cornea. Dorsal plate slightly broader than long and shaped as 
shown in Fig. 4 ; almost the entire surface minutely pitted. Dorsal abdominal setae 
about 40, slightly curved, weakly plumose; 10 in the first and 10 in the second 
transverse rows. Legs rather short, each composed of 7 segments and provided with 
the usual tarsal armature. 

Length of partly engorged larva, 0.40 mm ; width, 0.28 mm. 

Type host. — Thomomys neglectus. 

Type locality. — ^Acton, California. 

Type slide (cotypes). — ^U. S. N. M. No. 1414. 


This species belongs to the whartoni group and is most nearly related 
to Tromhicula oregonensis Ewing, from which it differs in having the first 
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palpal seta simple instead of branched and the dorsal plate slightly broader 
than long instead of about twice as broad as long. California material at 
hand as follows : Seven specimens from type host and type locality,, April 
12, 1933, taken by A. G. Barr; nine specimens on Thomomys species, 
Fresno, July 6, 1932, taken by B. P. Bole, Jr. ; four specimens on Microtiis 
calif ornicus sanctidiegi and two specimens on 'Svood rat/’ Los x\ngeles 
County, January 9, 1933, taken by M. F. Canova. British Columbia 
material as follows: One specimen on Peromyscus species, Vancouver, 
January 14, 1937, from G. J. Spencer. 


Comatacams n. g. 

Chelicera with but a single dorsal and a single ventral tooth; chelicera not 
obliquely flattened distally. Palpus with claw two- or three-pronged, either the first 
or second seta, or both, plumose or barbed. Eyes present. Dorsal plate entire, 
moderately sclerotized; crista absent; anterior median process present; pseudostig- 
matic organs flagelliform, simple ; anterolateral setae large, plumose ; posterolateral 
setae not clavate but similar in form to anterolateral ; median seta absent ; paramedian 
setae present, similar to anterolateral setae ; lateral setae absent. Dorsal abdominal 
setae similar, sessile, curved, weakly plumose and numerous. Tarsi each armed 
distally with 3 claws, the outer 2 being equal, strongly curved and stouter than the 
more slender, longer, and less curved median claw. 

Type species. — Eomatacams americanus ri. 

Comatacarus is erected to include a few species which have the char- 
acters of Leeuwenhoekia Oudemans (1911), it being desired to divide 
Oudemans’ genus into three genera. It differs from Leeuwenhoekia^ 
sensu strictu, in having the posterolatei'al setae of the dorsal plate of the 
usual form and similar to the anterolateral, instead of being clavate, and 
in having a large number of sessile setae on the dorsum of the abdomen, 
instead of a small number situated on the tubercles. Besides the type 
species, one other from the New World is included, C. occidentalis n. sp. 
Probably one or more of the Old World species will later be referred to 
this genus. 

Comatacarus occidentalis n. sp. 

(Fig. 6) 

Chelicera narrowed distally and formed into a more or less dartlike head. 
Palpus not angulate laterally ; first seta weakly plumose ; second seta simple ; palpal 
claw two~pronged, outer prong much more slender, slightly shorter, and less curved 
than inner. Eyes equal, almost contiguous, each with a well-formed cornea. Dorsal 
plate smooth, about twice as broad as long ; anterior median process angulate apically ; 
submedian setae weakly plumose, almost straight, and slightly shorter than similar 
anterolateral setae; posterolateral setae similar to anterolateral but much longer; 
pseudostigma situated on a short, transverse ridge; pseudostigmatic organ long, 
simple, flagelliform. Dorsal abdominal setae curved, weakly plumose, and rather 
closely studding the dorsum, over 80 in number, and arranged in somewhat irregular 
rows. Legs six-segmented ; coxa II more slender than other 2. 

Length of unengorged larva, 0.32 mm ; width, 0.19 mm. 

Type host.— common ground squirrel.^^ 

Type locality. — Lake Pillsbury, California. 

Type slide (holotype). — ^U. S. N. M. No. 1415. 
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Description based on holotype, the only specimen at hand, collected 
September 10, 1939, by Deonier, Bishopp and Lindquist. This species 
is easily distinguished from its congener, the description of which im- 
mediately follows, by having the second palpal seta simple instead of 
weakly plumose. 

Comatacarns americamts n. sp. 

(Fig. 7) 

Chelicera stout, strongly upcurved at and near apex; dorsal and ventral tooth 
small, each situated nearer than usual to apex of chelicera. Palpus rather short, 
rounded laterally ; first seta curved, plumose ; second seta straight, longer than first, 
plumose ; palpal claw threc-pronged, middle prong very much stouter and somewhat 
longer than the very sharp, almost straight, subequal lateral prongs. Anterior and 
posterior eyes contiguous, situated on a short, broad, oval ocular plate. Dorsal plate 
smooth; other characters as shown in Fig. 7. Dorsal abdominal setae more than 80, 
slightly curved, plumose, 12 setae in first transverse row. Legs six-segmented ; coxa 
II longer but not so broad as coxa III. 

Length of partly engorged larva, 0.41 mm ; width, 0.27 mm. 

Type host. — “Western mole.” 

Type locality. — Portland, Oregon. 

Type slide.-AJ. S. N. M. No. 1416. 

Description based on two lots : Six specimens from type host and type 
locality May 20, 1936, taken by C. M. Gjullin and one specimen on 
''cotton mouse,” Dale County, Alabama, April 5, 1937, from R. E. Dyer. 

Acomatacarus n. g. 

Most nearly related to Comatacarus but differing from it as follows : Chelicera 
with a row of teeth on upper margin instead of a single tooth and both the first and 
second palpal setae simple instead of one or both being plumose or barbed. 

Type species. — Acomatacarus ariaoncnsis n. sp. 

Of the. New World chiggers only the type species is included. Of 
the Old World species several should be included, three of which are 
Leeuwenhoekia polydismm Oudemans, L. jaegerskioeldi Oudenians, and 
L. australiensis Hirst. 

Acomatacarus aric^onensis n. sp. 

(Figs. 8, 9) 

Chelicera rather slender, bearing above from 3 to 5 unequal teeth. Palpus 
rounded laterally; first and second setae subequal, curved; palpal claw strongly 
curved and unequally divided, outer prong much smaller and more sharply pointed 
than inner. Eyes not situated on ocular plate, anterior slightly larger than, and 
almost contiguous with, the posterior. Dorsal plate (Fig. 9) very broad, smooth. 
Pseudostigma peculiar in that it is somewhat overlapped in front by a liplike ridge. 
Dorsal abdominal setae between 40 and 50, rather short, curved, very weakly plumose, 
arranged in indefinite transverse rows. Legs of medium length, six-segmented, 
although segments II to V (inclusive) each possesses a pigmented band indicating 
a false division. 

Length of unengorged larva, 0.22 mm ; width, 0.12 mm. 

Type host. ---A Wzzxd^ Callisauriis draconoides ventralis. 

Type locality. — Near Wickenburg, Arizona. 

Type sUde.-AJ. S. N. M, No. 1417. 
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Description based on six specimens taken from type host at type 
locality, May 11, 1937, by Roy Komarek. 

Walchia americam n. sp. 

(Figs. 10, 11) 

Chelicera stout ; upper tooth larger than usual, not recurved or barblike ; lower 
tooth directed backward, acutely angulate at apex. Palpus short, subangulate 
laterally; first seta short, slightly curved, simple; second seta subequal and similar 
to first ; 3 prongs of palpal claw similar, but middle prong usually larger than others. 
Eyes absent. Dorsal plate smooth ; a short, curved ridge in front of each pseudo- 
stigma; pseudostigmatic organs missing from all specimens, probably being detached 
by the treatment in caustic before mounting ; for other characters of dorsal plate see 
Fig. 11. Dorsal abdominal setae about 26, very slightly curved, each with a few 
minute lateral branches or barbs. Number of setae in first 4 transverse rows as fol- 
lows : 6, 6, 4, 4. Legs very short ; those of first pair seven- segmented (femur divided) , 
those of other pairs six-segmented; coxa II longer and more slender than other 2. 
Length of unengorged larva, 0.24 mm; width, 0.13 mm. 

Type host. — “On cotton mouse.” 

Type locality. — Tallahassee, Florida. 

Type slide \cotypes). — U. S. N. M. No, 1418. 

Description based on nine specimens taken on type host from type 
locality, November 8, 1936, by B. V. Travis. This species is placed in 
Walchia with some hesitation. It is closely related to Gahrliepia timmlis 
Gater of the Federated Malay States, from which, however, it uiffers in 
having the dorsal plate of a different shape. Like G, timnalis, W, 
am eric ana has the first and second palpal setae short, curved, and simple, 
and femur I divided, yet unlike G. tunnalis it has a short, curved ridge 
near each pseudostigma as is the case in Walchia lewthzvaitei Gater. 
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Explanation of Plate 

All drawings of the dorsal plate are of the same magnification, the others are 
differently and more highly magnified. 

Fig. 1. Schongastia lynni n. sp. ; dorsal view of chelicera. 

Fig. 2. Schongastia lynnl n, sp. ; dorsal view of dorsal plate. ( Pseudostigmatic 
organs probably detached by process of clearing specimens.) 

Fig. 3. Trombictila rohweri n. sp. ; dorsal view of dorsal plate. 

Fig. 4. Trombicula calijornica n. sp. ; dorsal view of dorsal plate. 

Fig. 5. T rombicula calijornica n. sp. ; dorsal view of basal part of palpus. 

Fig. 6. Comatacarus occidentalis n. sp. ; dorsal view of basal part of palpus. 

Fig. 7, Comatacarus americanus n. sp. ; dorsal view of dorsal plate. 

Fig. 8. Acomatacarns arisonensis n. sp. ; dorsal view of basal part of palpus. 
Fig. 9. Acomatacarns arisonensis n. sp. ; dorsal view of dorsal plate. 

Fig. 10. Walchia americana n. sp. ; side view of piercing arm of chelicera. 

Fig. 11. flmfrncmza n. sp. ; dorsal view of dorsal plate. 
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THE MOURNING DOVE, A NEW HOST OF THE ANOPLOCEPHALID f 

TAPEWORM, APORINA DELAFONDI (RAILLIET) / ? 

Thirty-one mourning doves, Zenaidnra macroura caroUnensis (L.), from Wake ' J 

County, North Carolina, were examined for parasites during the spring of 1940. : ] 

Five of them were infected with mature specimens of the tapeworm, Aporina dclafondi \ 

(Railliet). One host harbored three specimens and the other four were parasitized 

with one each. This report appears to be the first record of this species infecting ; j 

the mourning dove. It has been recorded by Cram (1924, J. Parasitol. 11: 115) i 

and Hussey (1941, Am. Midland Naturalist 25: 413-417) as infecting the pigeon j J 

in the United States. — Reinard Hx'VRKEma, Zoology Department, North Carolina . ; 

State College, Raleigh, N. C, Nr ' ''''I 
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AN IMPROVED TECHNIQUE FOR THE STUDY OF THE ACANTHOR 
STAGE IN CERTAIN ACANTHOCEPHALAN LIFE HISTORIES 

Manter (1928, Tr. Am. Micr. Soc. 47 : 342-347) described a simple method by 
which he was able to induce artificial hatching of acanthocephalan eggs. By allowing 
a culture of eggs, from the body cavity of a mature female worm, to dry completely 
in a Syracuse watch glass and then re-wetting with water he found that a number 
of eggs hatched immediately, releasing the first larval stage, the acanthor. Manter 
used the method successfully with the eggs of Macracanfhorhynchns hirudinaceus and 
Mediorhynchus sp., but he was not able to induce the artificial hatching of the eggs of 
Neoechinorhynchiis cylindratus. 

The author has increased the efficiency of Manter’s method by several modifica- 
tions. Instead of placing the eggs in a Syracuse watch glass to dry, a smear of eggs 
from the body cavity of a female worm, not more than one layer thick, is made on a 
clean glass slide, and allowed to become completely desiccated, either by drying in 
an incubator at 37.5® C for 3-4 hours or drying at room temperature overnight. The 
smears may then be stored in a covered slide-box until examined. In the humid 
Houston climate artificial hatching has been observed after storage for more than a 
month. However, the number of eggs that will hatch by this method decreases as the 
storage time is increased. In place of plain water for re-wetting the desiccated 
smears the author uses a dilute solution of neutral red ( 10 drops of a saturated solu- 
tion in 20 cc of neutral distilled water). This re- wetting with the dilute vital 
stain induces artificial hatching just as well as plain water, and has the advantage of 
staining the larvae. A coverglass over the smear permits the use of the high dry and 
oil immersion objectives for the study of the acanthor stage. The central nuclear 
mass and the hypodermal nuclei of the acanthor stain a deep red. The presence of 
the stain in the tissue of the acanthor accentuates the outline of the subcuticular 
muscles and the retractor muscles of the rostellum. These muscles are invisible in 
unstained specimens. 

The author has confirmed Manter’s observation that only eggs from the body 
cavity of a mature female worm may be induced to hatch in this manner. Eggs from 
the feces of infected animals fail to hatch. 

The author has been successful in hatching the eggs from the body cavities of the 
following Acanthocephala in this manner : Moniliformis dubius, Macracanthorhynchns 
hirudinaceus, Macracanthorhynchns ingens, Hamanniella tortuosa, and Mediorhynchus 
grandis. Attempts to hatch the eggs of Neoechinorhynchus emydis and Centrorhym- 
chiis sp. by this method have proved unsuccessful. — Donald V. Moore, Rice 
Institute, Houston, Texas. 
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NOTICE TO MEMBERS, SUBSCRIBERS, AND AUTHORS 

The war effort must of necessity have its repercussions in the problem 
of publishing a scientific journal, especially one so exclusively dependent 
for its publication funds on income from members and subscribers, as is 
the case with the Journal of Parasitology. It was to be expected that 
• foreign subscriptions would be reduced sharply in number, reductions 
which have been augmented by export prohibition to some countries. In- 
dividual energy needs to be used to compensate for these losses, not only 
by maintenance of membership in the Society, but by personal effort to 
increase domestic circulation. When inadequate resources are available 
for publishing, one effect is to postpone, in a disheartening way, the print- 
ing of acceptable articles. 

During the year the Editorial Committee and Editorial Board have 
been examining po.ssibilities which would tend to balance a net budget 
that is experiencing decrease both through lessened regular income and 
increased costs. They have decided to undertake, in experimental mood, 
two measures which will immediately strike the eye of the reader of 
Volume 29, and which will reduce to about 80 pages what requires 100 
now. One of these is to use a slightly larger type page, holding the 
overall size of the Journal page as at present. The other is to utilize 
more of the space, which for reasons of economy of effort in both the 
editorial office and the press, has hitherto been blank. Also to be men- 
tioned is the omission of a separate index to the Supplement in this 
December issue. As the Supplement carries its own author index and 
the program is essentially a table of contents, the details of the compactly 
printed abstracts are considered readily accessible. These three methods 
of rationing of space will produce savings. Others may become necessary. 

As a further contribution to the general problem, authors are urged 
to give a new quality of attention to the job of saying more in fewer 
words : shorter introductions, more compact factual presentations, briefer 
discussions, decreased overall lineage between the title and last bibli- 
ographic item. It would be a contribution to more than the war effort if 
articles of whatever length impressed the reader as being firm and trim, 
without excess wordiness, so that exceptions became conspicuous, — as are 
soft and flabby young men among the lean and well-muscled. To assist 
in such conditioning, authors of longer articles are to participate in greater 
degree in the sharing of cost of their publication. This is not to be in- 
terpreted, however, as qualifying the basic rule that “an article should 
meet primarily the standard of effective presentation of the material.’’ 

Norman R. Stoll, 

Chairman, Editorial Conunittce 
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Malaria, report of A.S.P. Committee on Terminology of Strains of Avian .... 250 
Man, association of tick, Ornithodoros talaje, with bat infestations in dwellings of 165 

Man, duration of infection with intestinal protozoa 93 

Man, intestinal parasites in boys of the Florida Industrial School 169 

Man, reactions to feeding of reduviid bugs 43 

Maritrema oocysta Lebour, 1907, on immunity reaction in gull infected with .... 423 

Massachusetts, studies on dermatitis-producing schistosomes in eastern 103 

McCoy, E. E. (see Glaser, McCoy and Girth) 123 

McNeil, E. and W. R. Hinshaw. Cochlosoma rostratiim from the turkey . . 349 
Meglitscli, Paul A. On two new species of Myxosporidia from Illinois fishes 83 
Meleney, Henry E. The duration of human infection with End-amoeba histo- 
lytica and other intestinal protozoa 93 

Mephitis skunk, a new lungworm from 381 

MesocestoideSy new species and notes on North American species of 227 

Mice, active immunity against Trichinella spiralis 197 

Mice, age resistance of, to Trypanosoma crim 155 

Mice, device for administering particulate material to 92 

Michigan fishes, new species of Phyllodistomum from 269 

Michigan, new species of avian schistosomes from 25 

Microsporidian of cockroach, observations on Plistophora kiidoi 399 

Mohan, Badri Nath (see Russell and Mohan) 127 

Moore, Donald V, An improved technique for the study of the acanthor stage 

in certain acanthocephalan life histories 495 

Mosquito hosts to avian plasmodia 127 

Musculature of male genitalisi of Haemonchus confortus 351 

Muskrats, Louisiana, parasitological survey of 348 

Myxosporidia, two new species from Illinois fishes 83 

Nematode eggs, buoyancy of 95 

Nematodes from lungs and frontal sinuses of New York fur-bearers 451 

Neoaplectana chrcsima, new nematode parasitic in insects, biology and culture of 123 

Ncotoma, new Nematodirus from 159 

New genera (indicated *) and new species (volume 28, 1942) : 

"^Acomatacarus arisonensii Ewing 490 

Adelina deronis Hauschka and Pennypacker 424 
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Chioromymmi 0 pladel{ Meg\itsch 8v 

Chloromymim thompsoni MegHtsch 8^ 

"^Comafacartts Ewing 48!i 

Comatacarus americaniis Ewing ■49C 

Comafacarns occidentalis Ewing . 48S 

Crenosoma sederi Goble 381 

Dirofilaria Chandler 262 

Elmer ia antelocaprae Huizinga 16^ 

Filicollls altmamPtrry ^86 

Gigmitobilharma lawayi Brackett 33 

Gmihostoma procymiis Qh 2 i\\d\Q.v 260 

Haemogregarina triatomae Osimani 152 

Hymenolepis mastigopraedita Polk 141 

Hypodectes chapini Spurlock and Einlen 342 

Mesocestoides manteri Chandler 229 

Microfilaria alpha Chandler 139 

Microfilaria beta Chandler 139 

Molhmis barbatus Chandler 259 

Nemafodirus iortuosiis Tucker 159 

Neoaplectana chrcsinia Steiner . . . 123 

^Neochordodes Carvalho 215 

Neochordodes moraisi Carvalho 219 

Notocotylus stagnicolae Herber 188 

Oochoristlca procyonis Chandler 256 

Paragordkis esavianus Carvalho 218 

Paralaeuris cuckleri Walton 166 

"^Pharyngosfomoides procyonis Harkema 117 

Phyllodistonmm etheostomae Fischthal ..... . . . . . . . . . Supplement, Abstract 28 

Phyllodistomum nocomis Fischthal 273 

Phyllodistomum notropidns Fischthal 271 

Phyllodistomum semotili Fischthal 269 

Psendobilharziella burnetii Brackett 29 

Pseudobilharziella horiconensis Brackett . 29 

Pseudobilharsiella ke g onsensis Bmckett 28 

Pseudobilkarziella waubesensis Brackett 27 

^P seudochordodes Carvalho 216 

Pseudockordodes manteri Carvalho 217 

'^Pseudocrocodilicola americaniense Byrd and Reiber 55 

Pseudocrocodilicola georgiana Byrd and Reiber 56 

P seudoncodiplostomum acefabulata Byrd and Reiber 51 

Ptilopsylla dunni K.dh\s 361 

Raillietina (Raillietim) bakeri Chandler 136 

Schongastia lynni Ewing • 487 

Stempellia moniezi Supplement, Abstract 5 

Strongyloides robnsHis Chandler 138 

Synhmantus longigtitturafa Chandler 260 

Thelazia buteonis Herde 241 

Triganodistoinum hypcnfelii Fischthal 389 

Trombicula calif ornica Ewing 488 

Trombicida rohweri Ewing 488 

Walchia amcricana Ewing 491 

New Orleans area, incidence of Trichinella spiralis in hogs and rats of 223 

New York fur-bearers, nematodes from lungs and frontal sinuses of 451 

North Carolina, new trematode from raccoon in 117 

Notocotylinae, trematode subfamily, two life history studies of 179 

Nutritional requirements of the fowl cestode, Raillietina cesticUlns 319 
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Ohio, helminths from Norway rat in northeastern . . . . . . . . . . , , . : : . , , , . . ..... 431 

Oligochaete, Dero Itmosa, a new coccidian parasite of the aquatic ............ 424 

Olivier, Louis and W. W. Cort. An experimental test of the life cycle de- 
scribed for Cofylurns communis (Hughes) 75 

Ornithodoros talaje, tick, associated with bat infestations in human dwellings . . 165 
OsiMANi, J. J. Haemogregarim friafomae n. sp. from a South American lizard 
Tupimmbis tegiiixin transmitted by the reduviid Triatoma rubrovaria ..... 147 

Osterfagia ostertagi of cattle occurring in horse 245 

Ova, helminth, determining viability of embryonated 131 

Ova, helminth, in fornialinized feces, recovery of 345 

Oxygen tension, effect of, on population of a bacteria-free culture of Trichomonas 
vaginalis 369 

Panama, new species of bat flea from 361 

Paragordius larva in a trematode 167 

Parasites, intestinal, in boys ...... 169 

Parasites of the woodland caribou 423 

Penn, George H., Jr. Parasitological survey of Louisiana muskrats 348 

Penn, George H., Jr. The life history of Porocephalus crotali, a parasite of the 

Louisiana muskrat . 277 

Penner, Lawrence R. Studies on dermatitis-producing schistosomes in eastern 
Massachusetts, with emphasis on the status of Schist os omatium pathlo- 

copticum Tanabe, 1923 103 

Pennypacker, M. I. (see Hauschka and Pennypacker) 424 

Peres, Charles E. Trickinella spiralis. II. Incidence of infection in hogs and 

rats in the New Orleans area ............................ 223 

Periodicity of oocyst discharge in coccidial infection of chickens 346 

Perry, Mary Louise. A new species of the acanthocephalan genus Filicollis . . 385 

Phenothiazine, studies on: excretion of phenothiazone 363 

Philip, Cornelius B. Mechanical transmission of rabbit fibroma (Shope) by 

certain haematophagous bugs 395 

Plasmodium cathemerium, oral transmission of, by means of tissues 245 

Plasmodium gallinaceimi, intravenous inoculation of sporozoites of 246 

Plasmodium gallinaceum, mosquito hosts of ....... 127 

Plastnodiuni lophurae, avian malaria parasite, strain of Aedes aegypti selected 

for susceptibility to 457 

PHstophora /eudovmicrosporidian of cockroach, observations on 399 

Polk, Seigul J. Hymenolepis mastigopracdita, a new cestode from a pintail 

duck 141 

Porocephalus crotali, from Louisiana muskrat, life history of 277 

Protozoa, intestinal, duration of human infection with . 93 


Raccoon in North Carolina and Texas, new trematode from .... . . . . , ......... 117 

Raccoons in east Texas, helminths of . 255 

Raillietina cesticillus (Molin), nutritional requirements of . . . .. .... ..... ..... 319 

Ramsey, Juanita (see Sprague and Ramsey) 399 

Rat, albino, age resistance of, to Cystic evens fasciolaris .................... . 207 

Rat, Neotoma, new Nemafodirus from ........ . , ........... . . . . , . ... ... . . . 159 

Rat, Norway, 'helminths frorn, in northeastern Ohio 431 

Rat, passive transfer of immunity to Trickinella spiralis in the 203 

Rats, natural infection with Centrocestiis armatus 285 

Rats of New Orleans area, incidence of T. spiralis in 223 

Reduviid bugs, reactions of man to feeding of ........... ... . ... .... ... ...... 43 

Reduviid, Triatoma rubrovaria, transmitter of hemogregarine of lizard 147 

Reiser, Robert J. (see Byrd and Reiber) . . . .... . . ............... . . .... . . 51 

Reid, W, M. Certain nutritional requirements of the fowl cestode Raillietina 
cesticillus (Molin) as demonstrated by short periods of starvation of the host 319 
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Resistance, age, of albino rat to Cysficerais fasciolarls . . . . . . . ... . . . . . . . , , . . . . 207 

Resistance, age, of mice to Trypanosoma cruA ,155 

Resistance, host, to Trichinclla spiralis, use of roentgen radiation in locating 

origin of 477 

Resistance to helminthic infections, natural 1 

Resistance, vitamins in relation to ectoparasite 170 

Rodaniche, Enid C. and Joseph B. Kirsner. The effect of sulfonamide com- 
pounds on the growth of Endamoeha histolytica in culture 441 

Roentgen radiation, use in locating origin of host resistance to Trickinella spiralis 477 
Roth, Hans and N. O. Christensen. Occurrence in the horse of two para- 
sites of cattle, Ostertagia ostertagi (Stiles, 1892) mid Cooperia oncophora 

(Railliet, 1898) 245 

RoTHSCHrLD, Miriam. A further note on life history experiments wdth Crypto- 
cot yle lingua (Creplin, 1825) . 91 

Rothschild, Miriam. A note on immunity reaction in the black-headed gull 
(Larus ridibundus L. ) infected with ilfanfreo/M oocysta Lebour, 1907 . . ... . 423 

Rothschild, Miriam. A seveii-year-old infection of Cryptocotyk lingua 
Creplin in the winkle Littorina Uttorea L. ............. . ^ . ....... . . ... . . 350 

.Russell,. Paul F., AND Badri Nat ti Mohan. Some mosquito hosts, to avian 
plasmodia with special reference to Plasmodmm gallinaccurn .............. 127 


Saurwein, Jean (see von Brand and Saurwein) . . 315 

Sawitz, Willi. The buoyancy of certain nematode eggs 95 

Scitistosomatmm pathlocopHcum Tanabe, 1923, studies on 103 

Schistosomes, avian, from Wisconsin and Michigan 25 

Schistosomes, dermatitis -producing, studies on 103 

Schneider, Morris D. A new thermostabile medium for the prolonged bacteria- 

free cultivation of Trichomonas foetus 428 

Sigmodm h. hispidus, new host for strobilocercus of Taenia taeniaeformis .... . 94 

Sinuses, frontal, nematodes from 451 

Siphodera vinaledwardsii, studies on life history of 407 

Skunk, Mephitis nigra, a new lung worm from . 381 

South America, Hemogregarma triatomae n. sp. from lizard, Tupinambis 

teguixin, of 147 

South American cutaneous leishmaniasis in experimental animals 429 

Sprague, Victor and Juanita Ramsey. Further observations on Plistophora 

kudoi, a microsporidian of the cockroach 399 

Spurlock, G. M. and J. T. Emlen, Jr. Hypodectes chapini n. sp. (Acarina) 

from the red-shafted flicker v341 

Squirrels, tree, helminths of, in southeast Texas ... . . . . 135 

Strains of Avian Malaria, report of A.S.P. Committee on Terminology of ... . . . 250 

Sfrongylus vulgaris, tests with organic copper salts upon 168 

Sncker, hog, Hypentelmn^ nigricans, 2 . new trematode, Triganodistomiim hypen- 

telii, from 389 

Sulfonamide compounds, effect on growth of A. histolytica in culture 441 

Sumaiers, William A. A modification of zinc sulfate centrifugal flotation 

method for recovery of helminth ova in formalinized feces 345 

Summers, William A. Intestinal parasites in boys of the Florida Industrial 

School . 169 

wSurvey, parasitological, of Louisiana muskrats 348 

Susceptibility to Plasmodium lophurae, a .strain of Aedes aegypti selected for ... 457 

Taenia taeniaeformis, strobilocercus of, Sigmodon h. hispidus a new host for .... 94 

Temperature effects on gregarines of Tenebrio molitor larvae 233 

Terminology of Strains of Avian Malaria, report of A.S.P. Committee on 250 

Texas, east, helminths of raccoons in 255 

Texas, new trematode of raccoon in 117 



INDEX TO VOLUME- XXVIIl 


505 


/ 


Y 


Texas, southeast, helminths of tree squirrels in ; . 13S 

Tooaias, Joifx O, (see DeEds and Thomas) 363 

TiiRHLKKi.D, W. L. Axi> M. E. Henderson. Notcs on the musculature of the 

male genitalia of 351 

Tick, Ornithodoros taiaje,, associated with bat infestations in human dwellings 165 
Tracer, William. A strain of the mosquito Aedes aegypti selected for suscepti- 
bility to the avian parasite Plasmodium iophurae 457 

Transmission of rabbit fibroma ( Shope) by certain hematophagous bugs ...... 395 

Transmission, oral, of Plasm odhim- cathemcriimi by means of tissues 245 

Trematode, new, from raccoon in North Carolina and Texas 117 

Trtm^Xodt, Par agordius larva in a 167 

Trematodes, life history studies on two Notocotylinae . . . 179 

Treniatodes, strigeid, of the alligator ! 51 

Triatoma ruhrovaria, reduviid transmitting hemogregarine of lizard 147 

Trichinella spiralis, active immunity in mice against 197 

Trkhmella spiralis, incidence in hogs and rats in New Orleans area . 223 

Trichinella spiralis in the rat, passive transfer of immunity to 203 

Trichimlla spiralis, use of roentgen radiation in locating origin of host resistance 

^ to 477 

Trichomonas joetus, a new medium for prolonged bacteria-free cultivation of . . . 428 

Trombiculinae, American chiggers, taxonomy of some 485 

Trypanosoma crusi, age resistance of mice to . 155 

Tucker, Hal. Nefnatodirns iorfuostts n. sp. (Nematoda) from the rat, Neotoma 159 
Tupinamhis teguixin, South American lizard, Hemogregarina triatomae n. sp. 

from, transmitted by Triatoma rubrovaria 147 

Turkey, Cochlosoma rostraium from the . 349 

Vargas, Luis (see Beltran and Vargas) 246 

Viability of embryonated helminth ova 131 

Vitamins in relation to ectoparasite resistance 170 

VON Brand, Theodor and Jean Saurwein. Further studies upon the chemistry 

of Macrae anthorhynchus hirudinaceus 315 

Vorticella, a parasite of macronucleus of 311 

Wallace, F. G. A device for administering particulate material to mice 92 

Walton, A. C. Paralaeiiris cuckleri n. sp. (Nematoda) from the iguana 

(Cyclura cornufa) 165 

Whitlock, J. H. Studies upon Strong ylus vulgaris. VI. Tests with organic 

copper salts 168 

Williams, Charles O. Observations on the life history and taxonomic rela- 
tionships of the trematode Aspidogaster conchicola 467 

Winkle, Littorina liitorea, 7~year-old infection of Cryptocotyle lingua in . 350 

Wisconsin, new species of avian schistosomes from 25 

WoLFsoN, Fruma. Oral transmission of Plasmodium cathemerium by means of 

tissues 245 

Wood, Sherwin F. Reactions of man to the feeding of reduviid bugs 43 

Yellow fever, Carlos Finlay and ; ; . 172 

Zinc sulfate centrifugal flotation modification for recovery of helminth ova in 
formolinizecl feces 345 
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AMERICAN SOCIETY OF PARASITOLOGISTS 
Announcement of Postponement of the New York Meeting 

On November 28, a letter was received from Dr. F. R. Moulton, 
Permanent Secretary, stating that the Executive Committee of the Ameri- 
can Association for the Advancement of Science had voted to postpone 
the New York meeting, “in compliance with the request of the Office of 
Defense Transportation. ... As yet no plans have been formulated for 
holding the meeting in the immediate future.” 

By vote of Council of the American Society of Parasitologists, the 18th 
Annual Meeting of the Society, scheduled to be held with the New York 
meeting of the A. A. A. S., was in turn postponed. 

James T. Culbertson, 
Secretary 


December 1, 1942. 




